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PREFACE. 


Upon  completing  the  Translation  of  this  ^  Manual,'  it  is 
incumbent  upon  me  to  thank  the  press  generally  for  the  very 
favourable  reception  it  has  obtained  throughout  its  progress.  It 
was  undertaken  with  the  view  to  contribute  to  the  advancement 
of  the  study  of  Entomology,  by  giving  a  wider  circulation  to  its 
elementary  principles ;  and  it  is  hoped  that  its  interesting  details 
will  tend  to  diffuse  a  taste  for  its  more  general  cultivation. , 

Amidst  a  multitude  of  original  experiments  and  observations, 
in  addition  to  its  numerous  other  scientific  claims,  this  work  will 
be  found  to  comprise,  in  its  anatomical/and  physiological  depart- 
ments, a  generalisation  of  the  host  of  facts  elicited  by  the  laborious 
investigations  of  Straus  Durckheim,  Miiller,  Suckow,  Leon 
Dufour,  Nitzsch,  8ic.  &c.,  up  to  a  very  late  period.  It  is 
confidentiy  believed,  that  a  book  combining  the  researches  of 
such  eminent  men  must  necessarily  become  extremely  useful, 
not  only  to  the  entomological  but  also  to  the  physiological  student, 
and  to  the  scientific  man  in  general. 

The  advantages  to  be  derived  from  the  study  of  natural 
history  are  manifest  One  of  its  most  conspicuous  merits,  and 
that  upon  which  the  immortal  Cuvier  particularly  dwelt,  is  its 
tendency  to  methodise  the  mind,  by  impressing  it  with  a  habit  of 
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order  and  precision ;  thus,  having  all  the  effect,  but  under  a 
more  alluring  mask,  of  the  abstract  mathematics,  and  the  logic  of 
the  schools.  This  character  attaches  more  peculiarly  to  that 
portion  of  natural  history  upon  which  this  work  exclusively 
bears — namely,  the  study  of  insects.  Their  great  multitude 
and  diversity,  their  brilliancy  of  colour,  eccentricity  and  extreme 
elegance  of  form,  their  metamorphoses,  complexity  of  structure, 
and  peculiarities  of  habits,  always  adapted  to  the  purposes  they 
have  to  accomplish  in  the  economy  of  nature,  altogether  unite  to 
give  an  intense  interest  to  this  delightful  pursuit 

Having  thus  summarily  shown  the  value  of  the  work,  and  the 
utility  and  pleasure  to  be  derived  from  the  study  of  the  science, 
it  only  remains  for  me  to  add  my  best  thanks  to  Dr.  Burmeister 
for  the  promptitude  with  which  he  spontaneously  supplied  me, 
upon  hearing  of  my  undertaking,  with  the  new  MS.  of  several 
portions  wherein  his  opinions  had  become  modified  or  changed. 

THE  TRANSLATOR. 


TABLE    OF    CONTENTS. 


Introduction— Definition  and  Compass  of  Entomology,  $$  I — i  .1 

FIRST  DIVISION. 

GENERAL  ENTOMOLOGY. 


FIRST  SECTION.— ORISMOLOGY. 

Its  Definition  and  Compass,  §§  5—7  .5 

FIRST   CHAPTER. 

Genetml  Principles,  $$  8 — 13  .               .        .      7 

SECOND  CHAPTER. 

General  Orismology, }  14          .  .11 

I.  Form,§§  15—21  .               .        .    11 

II.  Quality,  §§  22—24      .  .                               .16 

III.  Clothing,  $$25, 26             .  .               .        .     19 

IV.  Colour, } J  27— 38                        .  .20 
V.  Measure,  §§  39 — 42            .                .  .               .         .    26 

VI.  AffizioD^  Direction,  $$  43—45    .  .                .28 


ViJl 


TABLK    OF  CONTENTS. 


THIRD   CUAfTKR. 

PAGF 

Partial  Orismology,  JJI  46,  47 

.        30 

• 

I.  The  Egg,  §§  48-^0    . 

.     31 

II.  The  Larva,  J}  51-68 

.     33 

III.  The  Pupa,  §§  59—64 

.     43 

IV.  The  Imago,  §66 

.     48 

1.  The  Head,  §§  66—72 

.     49 

The  Mouth,  }J  68— 70     . 

.     51 

The  Eyes,  §71 

.     62 

The  AntennK,  J  72        . 

.     63 

2.  The  Thorax,  §§  73—78 

.     71 

Organs  of  Motion  on  tlie  Thorax. 

A.  The  Wings,  $}  79,  80 

.     91 

B.  The  Legs,  §§  81—^3 

.   100 

3.  The  Abdomen,  §§  84,  86 

.  108 

SECOND  SECTION.— ANATOMY. 


Idea  and  Sabdivision  of  it,  §§  86—90 


.  114 


FIRST  SUBSECTION.— VEGETATIVE  ORGANS. 


Their  general  Character,  $$91—94 


.  117 


FIRST   CHAPTER. 


THE  ORGANS  OF  NUTRITION. 


I.  The  Intestinal  Canal  and  its  Appendages,  §§  95 — 114 
1 1 .  The  Fatty  Substance^  §  1 16 
III.  The  Blood-vessels,  §§  1 16—121 
IV.  The  Organs  of  Respiration,  §§  122—130 


.  119 
.  151 
.  153 

.  158 


TABr/B  OP  coNTsrvnra.  ix 

SECOND  OBAFTBK. 
THE  ORGANS  OF  GENERATION. 

PACK 

Their  general  Character,  $$  131—134       .  .181 

I.  Female  Organs  of  Generation,  $$  135—145  .        .  184 

II.  Male  ditto,  ($  146—162  .  200 

m 

III.  Development  ef  the  Sexual  Organs  during  the  Metamorphosis, 

§  153  .  .  .  .        .  220 

IV.  Conformity  of  the  Female  and  Male  Sexual  Organs,  §  154        .222 

SECOND  SUBSECTION.—THE  ANIMAL  ORGANS. 
Their  general  Character,  §$  155—157        .  .224 

THIRD  CHAPTER. 

THE  ORGANS  OF  MOTION. 

I.  Of  the  Homy  Skeleton,  §§  159—168  .  .        .  226 
II.  The  Muscular  System,  §§  169—181                           .  .247 

FOURTH  CHAPTER. 

THE  ORGANS  OP  SF-NSATION. 

Their  general  Dinsion  and  Character,  §  182  .        .  269 

1.  The  Biain,  §§  183—185  ....  272 

II.  The  Ventral  Cord,  §§  186—188  .  .        .  277 
III.  The  Sympathic  System,  §§  189—191                         .  .286 

IV.  The  Organs  of  the  Senses,  (§  192—198  .  289 


THIRD  SECTION—PHYSIOLOGY. 
Its  idea  and  subdivision,  §§  199—200      ....    30S 

FIRST  SUBSECTION.-SOMATIC  PHYSIOLOGY, 
lu  idea,  §201  .  .        .    304 


PAOK 


X  TABIDS   OF   CONTSVT0 

FXB&T  OUAPT£B. 

Of  Gcneitttioii,  $§  d02--2l3    .  .306 

SECOND   CHAPTER. 

Of  Nutrition. 

Its  general  character  and  kinds,  §§214—216  344 

I.  Digestion,  §§  217—225  ....  347 

II.  Respiration,  §§  226—236  .        .  384 

III.  Circulation  of  the  blood,  §§  237-243  .  .  403 

THIBb   CHAPTER. 

The  Metamorphoses,  §§  244— 260  .        .    414 

FOURTH   CHAPTER. 

The  Muscular  Motion,  §§  261— 267         .  .  .446 

FIFTH   CHAPTER. 

The  Sounds  emitted  by  Insecte,  §§  26B— 271  .        .    466 

SIXTH    CHAPTER. 

Of  Sensation  and  the  Senses,  S$  272*-278  .  .474 

SEVENTH   CHAPTER. 

The  Luminottsness  of  Insects,  $$  279—282  .        .    490 

SECOND  SUBSECTION.— PSYCHOLOGICAL  PHYSIOLOGY. 

The  Nature  and  Object  of  Instinct,  §§  283— 286  .498 

EIGHTH   CHAPTER* 

THEIR  SELF-PRESERVATION. 

I.  Means  of  Defence,  §  288        .  .  .  •        .    504 

II.  Instinct  of  NutritioOy  (290        .  ...    511 


TABLB   OP   OOINTBNTS. 


XI 


KINTU  CHAPTER. 


THEIR  MEANS  FOR  THE  CONSERVATION  OF  TUB  SPBOiES. 


Sexual  Instinct,  $  291 

I.  The  CopolatiTe  impulse,  $  ^2  . 

I  r.  Affection  for  their  young,  $$  293-299 

THIRD  SUBSECTION.— RELATIONS  OF  INSECTS  TO 

THE  EXTERNAL  WORLD. 

Compass  of  this  relation,  $  300 


PAGK 

.  613 
.  513 
.    515 


537 


•nun  chaftbi. 

IN  RELATION  TO  OTHER  ORGANIC  BEINOS. 

To  Plants,  $$  301-306 
To  Insecu,  $  307 
To  Birds,  §308 
To  Mammalia,  S  309 
To  Mao,  §  310 


.  538 

.  552 

.  554 

.  556 

.  558 


ELEVENTH  CHAPTSa. 


Relation  to  the  Elements  and  Seasons,  §§  31 1—313 


.    565 


TWELFTH  CHAPTER. 

Relation  to  the  Antedilurian  World,  S$  314—317 


574 


FOURTH  SECTION,— TAXONOMY- 


FIRST  CHAPTER. 


General  ideas— Nature  of  ArUficial  and  Natural  Divisions,  $$  318—321    582 

I.  Idea  of  Species,  $$  322 — 324        .  .  .588 

11.  Idea  of  a  Genus,  $$325—331  .        .    590 

HI.  Idea  of  the  Higher  Groups,  $$  3d2-<336  .    594 


Xll  TABLE   OF  CONTENTS. 

SECOND  CHAPTER. 

HISTORY  OF  THE  PRINCIPAL  SYSTEMS. 

PACK 

Earliestessayst  Aristotle,  §337  .        .    597 

More  recent  ones,  ii  338—343  ....    598 

Zootomical  systems,  ii  344—349  .        .    608 

Physiological  systems,  §§  350— 362  .617 

THIRD  CHAPTER. 

Nomenclature,  §$  353 — 363  .        .    624 


INTRODUCTION. 


DEFINITION  AND  COMPASS  OF  ENTOMOLOGY. 


§  1. 

Natural  History  has  for  its  object  the  inquiry  into  the  being  of 
natural  bodies  and  their  thorough  investigation  in  reference  to  their 
nrions  qualities,  and  the  relative  functions  of  their  component  parts. 
Understood  in  this  extent^  it  presents  us  with  a  distinct  unique  entirety, 
which  treats  the  natural  body  as  oompletOj  but  gradually  perfected ; 
and  at  the  same  time  seeks  to  discover  the  means  whereby  it  attained 
its  completion  and  perfection.  Natural  History,  therefore,  is  no  mere 
deacription  of  form, — ^no  description  of  nature,  as  it  has  been,  latterly, 
▼ery  incorrectly  considered,  but  a  true,  and  pragmatical  history, 
de?elq)ed  from  its  own  fundamental  principles. 

Entomology  is  that  branch  of  this  extensive  science,  which  treats 
of  the  Natural  History  of  Insects. 

Inaects  are  animals  with  articulated  bodies  divided  into  three  chief 
ptvtioaa,  the  head,  thorax,  and  abdomen ;  they  have  three  pairs  of  legs, 
and  generally  two  pairs  of  wings,  and,  to  acquire  this  structure,  pass 
tliraogh  several  transformations  and  changes,  called  their  metamorphoses. 

The  object  of  Entomology,  consequently,  is  to  investigate  the  nature 
of  insects ;  its  design  is  to  show  how  the  insect  is  organised  and  formed, 
and  why  it  was  obliged  to  adopt  this  particular  conformation  and  internal 
stnicture;  and  when  this  is  accomplished,  it  proceeds  to  the  generalisa- 
tion and  development  of  the  various  vital  phenomena  observable  in  the 
class.  Its  view  is,  however,  not  limited  here  to  show  the  mere  gene- 
ral form  of  the  body  of  the  insect,  but  it  also  displays  how  this  general 
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form  varies  in  the  several  orders  of  insects,  and  bow  far  this  transfor- 
mation and  change  may  extend  without  destruction  to  its  identification. 
This  comprises,  therefore,  a  summary  of  the  essential  purpose  of  the 
science.  The  chief  incentive  to  our  study,  and  investigation,  of  natural 
bodies  in  general,  is  the  instinctive  impulse  of  the  human  mind  towards 
progressive  information,  and  the  extension  of  the  circle  of  its  knowledge; 
but,  in  this  pursuit,  a  multiplicity  of  useful  discoveries  are  made,  which 
are  applicable  to  daily  life,  and  which  distinctly  show  the  evident 
advantages  of  the  science,  although  their  elicitation  can  never  be  consi- 
dered the  primary  object  of  scientific  research.  The  study  of  insects 
will  likemse  be  found  rich  in  similar  results,  which  I  shall  state  in  its 
appropriate  place. 

§  2. 

Thus,  the  Natural  History  of  Insects  falls  into  two  great  divisions — 
viz.  the  introductory,  or  general  portion,  and  the  particular,  or  systematic 
Natural  History  of  them. 

The  former,  or  general  division,  acquaints  us  with  insects  with  respect 
to  their  exterior  construction,  and  with  regard  to  their  interior  organ- 
isation ;  it  also  instructs  us  of  the  various  phenomena  displayed  by  this 
class  of  animals;  and  lastly,  developes  the  principle  upon  which  insects 
must  be  arranged,  and  naturally  subdivided.  The  following  divisions 
are  thence  deduced : — 

1.  The  Obismolooy,  generally  called  the  Terminology  *,  which 
contains  the  various  technical  terms  used  in  explaining  the  perceptible 
differences  in  the  body  of  an  insect,  and  at  the  same  time  acquaints 
us  with  its  exterior  visible  parts  in  the  several  periods  of  its  existence, 
until  its  full  and  perfect  development. 

2.  The  Anatomy,  or,  as  it  has  been  called,  in  reference  to  the 
dissection  of  insects,  Entomotomy,  which  acquaints  us  with  their  in- 
ternal construction,  and  with  the  form  as  well  as  texture  of  their  organs. 

3.  In  their  Physiology  we  learn  the  functions  of  these  organs. 
Besides  which,  it  generalises  the  multifariously  varied  phenomena  dis- 
played by  these  animals,  and  re-examines,  under  a  general  view,  those  to 
which  we  are  accustomed  to  apply  the  name  of  instinct. 

*  Kirbj  has  introduced  the  term  Orismoloov  in  lieu  of  the  hybrid  compound 
Termimolooy,  but  which  being  derived  from  'opurftas  {terminus,  definiHo)  should  be 
written  Iloriflmology.  But  as  it  is  not  unusual  to  reject  the  spiritus  asper,  we  have 
retained  \\\»  orthography. 


INTRODUCTION.  9 

4.  This  is  succeeded  by  their  Taxonomy,  or  prindples  of  arrange- 
ment, which,  after  giving  its  general  rudiments,  proceeds  with  a  critical 
survey  of  the  most  remarkable  Entomological  systems. 

§  3. 

The  second  or  particular  division  of  Entomology,  contains  merely 
the  description  of  the  insect  world,  from  their  highest  to  their  lowest 
sub-divisions,  in  the  mode  most  consonant  with  system  and  their  scien- 
tific definition.  It  is  this  portion  which  is  generally  called  systematic 
Entomology,  or  plainly  Entomology,  and  which  is  both  the  most  com- 
prehensive, and  most  varied  portion  of  the  whole  science. 

§  4. 

These,  therefore,  are  the  several  divisions  of  which  the  complete 
Natural  History  of  Insects  consists  ;  they  are  all  closely  connected 
together,  and  produce,  only  by  their  strict  union,  that  harmonious  en- 
tirety of  which  the  science  boasts;  whereas,  the  several  parts,  considered 
separately^  form  but  dislocated  fragments,  each  of  which,  without  the 
elucidation  of  the  rest,  must  frequently  remain  incomprehensible.  The 
subdivision  of  insects  into  orders,  groups,  and  families,  does  not  properly 
belong  here,  but  will  find  its  true  situation  much  lower,  where  we  pur- 
pose passing  to  the  particular  description  of  the  individuals  of  this  class ; 
but  as,  in  the  course  of  the  following  treatise,  we  shall  so  frequently 
have  occasion  to  refer  to  the  several  orders,  it  will  perhaps  be  consi- 
dered not  inapposite,  particularly  as  it  may  assist  the  judgment  of 
Tyros,  if  we  here  lay  down  the  distribution  into  groups.  It  may  remain 
here  merely  intercalated  by  anticipation. 

The  commencement  of  this  introduction  has  already  defined  what  an 
insect  is ;  all  animals  comprised  in  it  may  be  thus  classed  into 

A. — Those  with  an  imperfect  metamorphosis,  t.  f.  larva,  pupa,  and 
perfect  insect,  strongly  resembling  each  other,  the  pupa  possessing  loco- 
motion and  eating. 

A.  having  a  suctorial  mouth. 

1,  ORDER— H8MiPT8RA.—(C¥fnfce>«,  Bugs,  4-r.) 

B.  having  a  masticating  mouth. 

a.  Four  unequal  wings,  the  superior  ones  pergameneous,  the 

inferior  generally  larger,  and  membranous ;  the  latter  are 

folded  in  repose. 

b2 
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2.  ORDER.— OBTHOPTERA.—(Zyorui^,  Gratthoppen,  ^c.) 

h.  Four  aamtttinm  Mpial«  ManetiineB    unequal  membraneous 
wiogs  with  reticulated  nervures,  but  never  folded. 

3.  ORDER. — DicTYOTOPTERA. — {Codcrotiehei,) 

B. — Those  with  a  perfect  metamorphosis.  ITie  larva  is  a  long  maggot, 
caterpillar,  or  wornil.     The  pupa  generally  quiescent,  and  does  not  eat. 

A.  Some  have  a  suctorial  mouth. 

a.  Inseets  with  two  naked  transparent  wings. 

4.  ORDER— DiPTERA.—(/f&ri.) 

h.  Insects  with  four  large  wings,  covered  wholly,  or  partially, 
with  broad  scales. 

5.  ORDER.— LEPiDOPTERA.—(Btt««yfk?*,  Moth,) 

B.  The  others  have  a  masticating  mouth,  or  at  least  visible  man- 

dibles and  palpi. 

a.  Four  equal  wings,  with  reticulated  nervures. 

6.  ORDER.— Nburoptera. —(2>rY;[^on  F&es,  ^c.) 

b.  Four  unequal  wings,  with  the  nervures  variously  branching. 

7.  ORDER. — Hymbnoptbba.— (5tfM,  Waspt,  Ichneumontt  4"c.) 

c.  Four  unequal  wings,  the  superior  ones  consisting  of  a  corneous 

case. 

8.   ORDER.— C0LB0PTERA.—(^«r^Af*.) 

Note. — Through<mt  almost  all  the  orders  there  are  apterous  families 
genera,  and  species,  which  are  very  easily  referred  to  their  orders  from 
their  metamorphosis,  and  the  structure  of  their  mouths,  but  they  never 
form  correctly  a  distinct  one,  as  Latreille  insists,  and  which  he  calls 
Aptbba. 
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GENERAL    ENTOMOLOGY. 


FIRST  SECTION. 

ORISMOLOGY. 

ITS  DEFINITION  AND   COMPASS. 


§  5. 

In  a  science^  which^  like  Natural  History^  has  to  distinguish  such 
moltifarious,  and,  frequently,  such  closely  approximate  forms,  it  is  of 
great  importance  that  the  differences  perceptible  to  the  eye  should 
be  explained  by  .a  suitable  selection  of  precise  terms,  and  in  a  clear, 
concise)  and  readily  comprehensible  language.  Since  the  recognition 
of  this  principle,  a  kind  of  conventional  agreement  has  been  aimed 
at,  whereby  the  Latin  language  still  retains,  at  least  in  the  descrip- 
tive natural  history  of  the  animal  and  vegetable  kingdoms,  that 
degree  of  importance  which  it  acquired  by  its  introduction  as  the 
universal  language  of  the  learned.  The  technical  language  of  natural 
history  thus  therefore  originated;  for,  in  the  course  of  progressive 
investigation,  new  terms  were  required  to  characterise  the  newly  dis- 
covered parts. 

§  6. 

Following  the  example  of  early  writers,  whenever  the  Latin  lan- 
guage is  deficient  in  the  characteristic  expression,  we  apply  to  the 
Greek,  and  endeavour  to  derive  from  it  an  appropriate  name,  or  form 
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one  from  it  by  composition.  From  the  euphony  of  its  words,  and  the 
fulness  of  its  tone,  it  is  peculiarly  adapted  to  the  construction  of 
permanent  names  of  general  importance^  and  has  therefore  found  a 
suitable  application  in  the  naming  of  newly  discovered  orders^  families, 
and  genera.  In  the  construction  of  these  names,  however^  we  must 
be  exceedingly  careful  not  to  wound  the  spirit  of  the  language  by 
barbarisms,  grammatical  inaccuracies,  and  hybrid  compounds  {e,g. 
Bitoma,  BiphyUus,  Taxicornes,  &c.),  of  which,  unfortunately,  too  many 
disagreeable  examples  could  be  cited.  But  it  is  decidedly  wrong  to 
retain  these  inaccuracies,  although  such  words  may  have  derived  a 
certain  authority  from  their  age,  from  the  mere  accident  of  the  inad- 
missible nature  of  their  composition  not  being  previously  discovered. 
The  love  of  truth  and  correctness  demands  that  such  blemishes  should 
be  expunged,  wherever  they  are  found,  and  they  can  never  be  subject 
to  other  consideiations ;  for  esteem  for  their  authors,  which  they  may,  in 
other  respects,  justly  merit,  must  not  prejudice  us  in  their  &vour. 

§  7. 

The  technical  language  of  Entomology  is  subdivided  into  three  parts, 
which  may  be  here  concisely  indicated. 

The  FIRST  chapter  contains  the  important  and  indispensably  neces- 
sary general  rules  and  principles  for  properly  naming  newly  discovered 
parts. 

The  8SC0ND  chapter  treats  of  the  general  qualities  of  all,  or  many 
organs,  which  are  comprehensible  without  a  knowledge  of  their  peculiar 
forms ;  but,  on  the  contrary,  in  the  description  of  the  latter,  must  be 
frequently  referred  to.  The  differences  of  colour,  and  of  clothing, 
annex  themselves  hereto.     General  Orisholooy. 

In  the  third  chapter  I  shall  explain  the  various  parts  and  organs 
of  the  body  of  an  insect,  as  well  as  their  peculiar  differences.  Partial 
Orismology. — (^Kirhys  Exterior  Anatomy.) 
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FIRST  CHAPTER. 

GENERAL   PRINCIPLES. 


§  a 

Although  we  here,  at  once>  declare  ourselves  opposed  to  an  unne- 
cessary multiplication  of  orismological  terms,  yet  we  do  not  mean 
that  the  determinate  distinction  of  particular  parts  should  be  rejected, 
whenever  they  are  decidedly  important.  On  the  contrary,  it  is  the 
very  first  requisite  of  a  precise  orismology  to  apply  an  exclusively 
proper  term  to  each  constantly  distinct  and  peculiar  part.  It  will 
certainly  appear  often  difficult  to  restrain  oneself  within  exact  limits, 
particularly  as  there  are  but  few  other  general  principles  to  guide  us 
than  a  certain,  judicious,  and  intuitive  tact.  We  will,  however,  com- 
mence by  endeavouring  to  lay  down  a  few  principles  as  rules  to  be 
observed. 

§  9. 

I. — Every  decidedly  different  organ,  or,  where  it  appears  necessary, 
every  portion  of  an  organ,  should  receive  a  name  exclusively  peculiar 
to  itself. 

II. — ^This  namii^, however,  must  not  be  arbitrarily  exercised;  but  the 
organs  of  the  superior  animals  must  be  consulted,  and  their  analogical 
structure  examined  in  the  insect  *, 

*  The  greatest  mistakes  have,  at  all  times,  been  made  in  opposition  to  this  principle, 
and  yet  it  is  as  absolutely  necessary,  and  as  strictly  founded  in  the  very  nature  of  the  thing, 
as  any.  It  has  doubtlessly  occasionally  proceeded  from  an  ignorance  of  the  anatomy  of  the 
higher  animals ;  perhi^  also,  from  the  love  of  innovation  of  many  writers,  that  the  most 
singular  interpretations  have  been  made, — names  having  been  applied  to  parts,  or  merely 
portions  of  organs,  ivhich,  strictly,  could  be  applied  only  to  very  different  organs.  To  call 
that  part,  the  neck  (coUum),  vrhich  bears  the  legs,  is  absolutely  absurd.  Even  Fabricius^s 
division  of  the  body  of  an  insect  into  caput,  tmncus^  and  abdomeit,  is  wrong,  as  every 
one  who  knows  anything  of  anatomy  must  admit  that  the  iruneut  includes  the  abdomen. 
In  the  course  of  our  observations  we  shall  detect  many  similar  inconsistencies,  but  we  have 
gencFsUy  considered  it  unnecessary  to  take  further  notice  of  them,  confiding  in  the  correct 
judgment  of  the  ^reader:  Wc  have,  indeed,  endeavoured  to  retain,  as  far  as  was  possible, 
what  has  been  already  done ;  but  we  make  it  a  rule  to  adopt  nothing  that  is  &lsc,  whatever 
nuy  be  its  antiquity,  and  notwithstanding  its  toleration  by  the  great  masters  of  the  science. 
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§    10. 

III. — Great  caution  must  be  exercised  in  the  naming  of  different 
parts  in  the  several  orders^  as,  frequently,  the  same  organ  in  the 
different  groups  takes  a  very  different  form.  If  particular  names 
were  applied  to  such  modifications,  it  would  tend  to  mislead,  by  giving 
the  appearance  of  different  parts  to  one  and  the  same.  Nor  is  the 
reverse  of  this  admissible,  for  different  organs  must  not  bear  the  same 
name*. 

§  11. 

IV. — ^The  names  of  parts  should  be  derived,  in  preference,  from 
Latin,  but  it  is  advisable  in  those  parts  which  have  always  been 
signified  by  Greek  terms,  to  retain  them,  and  introduce  new  Greek 
ones  whenever  new  parts  are  discovered  within  the  limits  of  the 
particular  organs  f . 

V. — Peculiar  organs,  which,  nevertheless,  can  only  be  considered  as 
variations  of  a  long  known  typical  form,  are  best  distinguished  by  an 
adjective  expressive  of  the  peculiarity. 

E.  g.  The  legs  are  called  pedes;  when  adapted  to  the  seizing  of  prey 
they  are  suitably  caHed pedes  raptorii,  not  arms  (^brachia)  according  to 
Kirby.  The  idea  of  arms  presumes  a  certain  organisation  which  is 
never  found  in  insects,  although  the  raptorious  legs  of  insects  may 
possibly  be  analogous  in  their  functions.  But  it  is  certainly  incorrect 
to  call  the  anterior  legs  of  insects  in  general  arms|  we  might  just  as 
rationally  call  the  fore  legs  of  quadrupeds  arms.  Swimming  legs  are 
thus  called  pedes  naUttorii,  but  not  fins  (pinna), 

*  Fabridot  made  a  mUtake  of  this  kind,  in  applying  to  what  he  had  called  truncui^  in 
the  Coleoptora,  the  name  of  thortue,  in  the  Hymcnoptera  and  Dipteiu ;  and,  in  calling  by 
the  latter  term  the  anterior  portion  only  of  the  same  part,  in  the  Coleoptera,  Hemiptera, 
and  Orthoptera.  Ab  in  each  of  the  orders  of  insects,  the  thorax  consists  of  three  parts, 
which  haye  been  distinguished  as  prothoraz,  mesothoFaz,  and  metathorax,  it  is  evidently 
incorrect  to  call  that  coUare^  in  the  Hymenoptera,  which. is  called  prothorax  in  the 
Coleoptera,  Hemtptera,  and  Orthoptera ;  for  the  same  orismology  mnst  be  applied  to  every 
order.  Reasoning  upon  the  same  principle,  we  cannot  see  why  that  portion  of  the  head 
shonid  be  oslled  hyjiotioma,  in  the  Diptera,  which,  in  the  other  orders,  has  long  been 
indicated  by  the  name  of  dypeut, 

f  It  consequently  appears  preferable  to  us  to  call  the  first  segment  of  the  thortuc  the 
proihorar,  rather  than  collare,  exclusive  of  the  greater  precision  and  comprchcnsibility  of 
the  first  term. 
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VI. — In  many  such  cases^  however,  where  the  substantive  is  borrowed 
hwn  the  Greek,  ft  new  word  is  formed  by  the  compounding  of  two, 
e.  g,  hemelytra,  prothorax,  &c. 

§  12. 

VII.^ — ^AU  fluctuating  qualities  of  one  and  the  same  part  are  distin- 
ginahed  by  adjectives,  and  indeed  by  such  as,  according  to  grammatical 
use,  are  customarily  applied  to  such  variations. 

But  the  form  of  the  adjectives,  which  express  particular  kinds  of 
qualities,  vary  diiefly  in  their  torminations.  The  following  are  important 
for  our  use : — 

1.  The  termination  in  atus  and  t^  shows  merely  the  existence  of 
somethiiig  in  general  r' for  ex.  antennaius,  provided  with  antennse; 
alahu,  winged ;  sulcattUi  with  longitudinal  furrows ;  auriHu,  furnished 
with  ears  (two  little  appendages). 

3.  The  terminations  in  acew  and  idus  express  a  resemblance  to  a 
material ;  those  in  eus  indicate  the  material  itself :  for  ex.  membrafMceus, 
membling  skin;  membraneus,  skin  itself;  corictceua,  leathery ;  lateri- 
cm,  resembling  bricks  (in  colour). 

3.  The  termination  osui  expresses  fulness,  or  the  abundant  presence 
of  a  quality :  for  ex.  pUasiu,  covered  with  much  hair;  setosus,  covered 
with  stiff  bristles  ;  squamosiUy  covered  with  scales. 

4.  The  termination  ius  expresses  the  uses  or  aptness  of  an  organ : 
fiv  ex.  raptoriusy  adapted  to  seize  prey ;  fossorius,  fitted  for  digging ; 
soiotonttf ,  suited  to  swim,  &c. 

5.  The  deficiency  of  a  usually  present  quality  is  indicated  by  placing 
in  front  the  a  privative  in  the  Greek,  and  the  preposition  e,  ex,  or  tn, 
in  Latin  words :  for  ex.  apterui,  without  wings ;  escutellatus,  without 
a  KQtellum ;  inermis,  unarmed. 

6.  To  express  quantity  or  particular  distinctness,  the  superlative 
(legree  of  comparison  is  used,  or  the  words  valde,  maxime,  distincte^  are 
prefixed:  for  ex.  squamosissimus,  denseij  covered  with  scales;  ruga- 
timmus,  very  uneven ;  distincte'pundatus,  very  clearly  covered  with 
punctures. 

7.  The  indistinctness  of  a  quality  is  expressed  by  prefixing  the  word 
o^re,  or  by  uniting  the  preposition  sub  to  the  adjective.  But 
diminutives  are  not  unfrequently  used :  for  ex.  obscure^tEneus,  of  an 
indistinct  bronze  colour ;  subpunctatus,  slightly  punctured ;  subslrialus, 
^btly  striated;  hirsutiusculus,  somewhat  hairy. 
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8.  To  express  a  quality  which  is  directly  the  reverse  of  the  usual 
signification  of  the  term,  the  particle  oh  is  added,  and  we  say,  for  ex. 
obconicus,  of  the  shape  of  a  reversed  cone ;  viz.,  when  a  part,  instead  of 
running  from  the  base  upwards  to  a  point,  runs  ft*om  the  apex  down- 
wards to  the  point ;  obovaius  is  used  in  the  same  way  to  express  its 
being  of  a  reversed  egg-shape. 

9.  Qualities  which  consist  of  the  conjunction  of  two  generally 
separated  peculiarities  are  also  expressed  by  the  union  of  both  the 
adjectives.  In  composing  these  words  we  must  be  particularly  cautious 
in  the  succession  of  the  united  terms,  as  it  is  by  no  means  indifferent. 
The  word  expressive  of  the  dominant  quality  stands  last,  and  that  made 
to  precede  it  is  merely  its  modification:  for  ex.  punciatai  indicates 
being  covered  with  punctures;  siriaius^  having  linear  longitudinal 
impressions.  By  the  various  compounding  of  these  two  words,  very 
different  ideas  are  formed,  according  to  their  precedence.  Striato^ 
punctalus  indicates  a  surface  which  is  merely  punctured,  but  the 
punctures  whereof  are  placed  in  rows;  punclaio^striaius,  on  the 
contrary.  Is  a  surface  which  has  distinctly  impressed  lines  with  punc- 
tures within. 

§  13. 

Vlll. — Parts  which  discover  a  certain  resemblance  of  form  with 
objects,  which,  by  their  application,  or  uses  in  common  life,  are  suffi- 
ciently known,  are  suitably  named  from  what  they  accord  with.  Many 
adjectives  thence  occur  in  Orismology  which  require  no  further  expla- 
nation. This  is  not  so  usual  in  the  terms  expressive  of  colour,  and 
particularly  where  it  is  desirable  to  explain  the  multifarious  transitions 
of  one  into  the  other,  we  meet  with  difficulties  in  the  selection  of  the 
exactly  appropriate  word,  so  that  peculiar  orismological  terms  are 
requisite  for  their  correct  definition. 
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SECOND  CHAPTER. 

GENERAL   ORISMOLOGY. 


§  14. 

This  portion  of  Orismolugy  has  not  the  advantage  of  a  consecutive 
arrangement  derived  from  the  nature  of  the  objects  contemplated,  for 
it  can  be  regarded  only  as  consisting  of  a  mass  of  equivalent  ideas^  with 
their  applicable  and  variable  attributes.  But  the  best  arrangement 
appears  to  be  that  of  passing  from  the  most  general  to  the  more  partial 
terms ;  we  have  thought^  therefore,  but  without  wishing  to  prescribe  it 
as  necessary^  that  the  most  agreeable  mode  would  be  to  proceed  from 
the  general  form  of  parts  to  the  differences  of  colour,  clothing,  size, 
direction^  &c. 

I. — The  Form. 

The  differences  of  form  may  be  considered^  doubtlessly^  as  the  most 
multifarious  throughout  the  whole  class  of  insects ;  it  will  not  there« 
iore  surprise  that  this  portion  of  Orismology  is  very  rich  in  terms.  But 
even  this  very  great  diversity  leads  us  to  conclude  that  certain  forms 
are  peculiar  to  a  few  organs  only.  All  distinctions,  therefore^  which 
have  merely  this  restricted  application,  are  necessarily  excluded  from 
our  immediate  general  consideration. 

§  16. 

If  we  take  any  part  and  contemplate  it  in  its  natural  connexion  with 
the  rest  of  the  body,  the  following  portions  may  be  clearly  distinguished 
in  it : — 

Basb  {basis),  that  portion  whereby  it  is  affixed  to  the  body. 

Afbx  (apex),  that  which  is  opposed  to  the  base. 

Contour  {peripheria),  a  portion  whereof  is  the  margin  {margo). 
According  to  its  situation,  this  is  distinguished  into  anterior  margin, 
that  which  is  directed  towards  the  head  of  the  insect ;  posterior  mai^in, 
that  directed  towards  its  tail ;  and  lateral  margins,  those  intervening 
between  the  anterio):  and  posterior. 
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Superior  surface  (superficies  externa),  the  inferior  surface 
(sup.  interna),  the  centre  of  the  superior  surface  or  oiso  (discus),  the 
border  surrounding  the  disc  or  limb  (limbus). 

Angle  (angulus),  is  that  portion  where  two  parts  or  the  margins  of 
one  meet ;  sinus  (sinus),  is  a  curved  break  in  an  otherwise  straight 
margin;  keel  (carina),  is  a  sharp,  loi^tudinal^  gradually  rising 
elevation  upon  the  inferior  surface. 

§  17. 

Besides  these  general  definitions,  which  may  be  applied  to  all  or  very 
many  organs,  the  differences  of  form  may  be  contemplated  under  the 
following  heads :— - 

1. — Differences  ofSurfitee. 
2- — Differences  of  Solids^ 
3. — Differences  of  Margin. 
4. — Differences  of  Apex. 
5* — Differences  of  Dose. 

§  18. 

Figure  of  the  Superficies. 

Circular  (rotundum^  ciroulare),  is  a  round  surflEu^  with  its  diameter 
equal  on  all  sides. 

Rounded  (rotundate),  when  the  maigins  pass  gradually  into  each 
other,  and  not  meeting  in  sharp  angles. 

Oval  (ovale),  b.  rounded  surface,  its  two  right  angular  diameters 
being  of  an  unequal  length,  so  that  its  longest  transverse  diameter  does 
not  pass  through  the  middle  of  its  longitudinal  diameter,  but  lies 
nearer  to  one  end. 

Elliptical  (ellipticum),  allied  to  the  preceding,  but  differing,  inas- 
much as  that  its  greatest  transverse  diameter  passes  through  the  centre 
of  the  longitudinal. 

Lanceolate  {lanceolatum),  when  the  base  is  not  so  broad  as  the 
centre,  and  the  lateral  margins  slightly,  but  equally,  swollen,  gradually 
tapering  towards  the  apex,  where  it  terminates  in  a  point,  and  the 
longitudinal  diameter  more  than  three  times  the  length  of  the  transverse. 

Linear  (lineare),  a  figure  having  the  lateral  margins  very  close 
together,  and  parallel  throughout. 

Half-hoon  shaped  (lunare),  a  figure  formed  by  the  portion  of  a 
circle  cut  off  by  the  segment  of  a  larger  circle. 


OBMBRAL   ORiaMOLOOY.  13 

Hbabt-8Hapsd  (c&rdalum),  a  triangular  figure^  having  its  base 
emaiginate,  lateral  angles  rounded,  and  lateral  margins  slightly  swollen. 

KioNEY-SHAPBD  (rentforvui),  is  a  half-moon  shaped  fignre,  with  its 
angles  itHinded,  and  its  concave  maigin  emarginate. 

Triakoui«ab  (triangulare),  when  the  margins  meet  in  three  angles. 

Squabk  Iquadraium),  when  the  four  straight  parallel  margins  are  of 
equal  length. 

QuABBANGULAB  {quodrongulare) ,  when  two  of  the  margins  are  of 
unequal  length. 

Oblomg  (pblongufn,  paralielogramum),  a  square  with  two  of  the 
parallel  margins  equals  but  longer  than  the  other  two  equal  parallel  ones. 

Amoulab  {angidatum),  when  the  angular  margins  do  not  exclusively 
elbow  outwards,  but  also  inwards. 

Falcatb  (/akatum^j  a  figure  formed  by  two  curves  bending  the 
same  way,  and  meeting  in  a  point  at  the  apex,  the  base  terminating  in 
a  straight  margin,  resembling  a  sickle. 

Spatvlatb  (spatukUum),  a  figure  commencing  with  a  narrow  base, 
gradually  widening  by  the  lateral  margins  sloping  out,  and  terminated 
at  the  extremity  by  a  sudden  straight  line,  (the  antennae  of  many 
Tachina  and  other  Diptera), 

LozBMOBD  (fkombaidal),  a  quadrangular  figure,  with  two  opposite 
angles  acute  and  two  obtuse. 

§19. 
Forms  of  Bodies. 

SpHBBiCAii  iglobosum,  spharicum),  a  round  body,  having  all  its 
diameters  equal. 

Hbmisphbbical  (semiglobosum,  hemisphmricum),  a  round  body, 
terminated  on  one  side  by  a  flat  circular  surface. 

Lbnticulab  {lenticutare),  a  round  body,  with  its  opposite  sides 
convex,  meeting  in  a  sharp  edge. 

Conical  {conicum),  a  round  body,  the  base  of  which  is  a  flat  circle 
and  the  apex  a  point. 

Subulatb  {suhulaium)y  a  long  thin  cone  softly  bent  throughout  its 
whole  course* 

CoLUMNAB  {teres),  a  form  the  circumference  of  which  is  always 
circular,  but  its  thickness  indeterminate. 

Cylimbbical  {cylindricum),  a  body  with  its  circumference  round, 
of  indeterminate  length,  but  equally  thick  throughout. 


14  GENERAL    OIIISMOLOGY. 

Attenuate  (aitenuatum),  a  cylinder  having  its  transverse  diameter 
much  narrower  in  one  part. 

Equal  (equale),  a  substance  of  variable  longitude,  but  the  transverse 
diameters  of  which  are  equal. 

Incrassate  {incratsatum),  much  swollen  at  one  portion  of  its  length. 

Club-bhapeo  {clavatum),  a  form  which  gradually  increases  in 
thickness  towards  its  apex,  where  it  is  obtuse. 

Pear-shaped  (pyriforme),  a  similar  shape,  but  with  this  difference, 
that  its  longitudinal  section  is  spatulate. 

Funnel-shaped  (infundibuliforme),  resembling  the  last  in  exterior 
form,  but  scooped  out  at  its  apical  margin. 

Fornicate  {Jornicatum),  concave  within  and  convex  without. 

Knotted  (7iodasutn),fi  longitudinal  body  swollen  at  one  or  more  parts. 

Angular  bodies  are  distinguished  by  the  number  of  their  sides,  viz. 
three  sided  (triquetrum),  four  sided  (teiragonum).  Sec. 

Prismatic  {priitnaticum),  an  angular  body  of  indeterminate  length 
but  equal  thickness. 

Pyramidal  {pyramidale),  a  triangular  body,  the  angles  of  which 
all  meet  in  one  point. 

Wedge-shaped  {cuneatum),  a  body  whose  horizontal  longitudinal 
section  is  quadrate,  and  perpendicular  transverse  section  triangular. 

§  20. 
Differences  of  Margin. 

Entire  (integer),  a  plain,  flat,  straight,  or  bowed  margin,  without 
angle  or  incision. 

Arched  (jarcuatux)  a  margin  in  the  form  of  a  bow. 

Sinuate  {sinuatus),  a  margin  with  a  rounded  incision. 

Waved  (undulatus),  a  margin  with  a  series  of  successive  arched 
incisions. 

Serrate  {serratus),  with  jagged  incisions,  like  the  teeth  of  a  saw. 

Crenate  {crenatus),  a  margin  with  indentations,  the  exterior 
whereof  is  rounded. 

Dentate  (dentatus),  when  the  incisions  are  larger,  causing  the 
margin  to  stand  forth  free  and  direct  like  teeth. 

Ciliate  (ciliattts),  when  it  is  occupied  with  short  stiff  hairs. 

LoBATE  {lobatus),  when  the  margin  is  divided  by  deep  undulating 
and  successive  incisions. 

Erose  {erosus),  when  from  the  irregularity  of  its  incisions  it  appears 
gnawed  (the  margins  of  the  wings  of  many  butterflies). 
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Tbntaculate  (tentacuUUug),  when  soft  tensile  excrescences  are 
found  upon  the  margin  {Caniharis,  Malachius). 

Cai<lou8  (callofus),  a  margin  which  resembles  a  thick  swollen  lump. 

Maroinatb  (marginatug),  is  when  the  sharp  edge  is  margined,  and 
surrounds  the  surface  with  a  narrow  border. 

DBVhRXKD  ( deflexus),  when  this  sharp  edge  is  bent  dowriwards. 

Dilated  {dilatatus,  or  ampiificaius),  when  the  sharp  marginal  edge 
extends  beyond  its  usual  limits. 

Incrassate  (incrassatus),  a  margin  whose  edge  is  not  sharp,  but 
rounded,  and  somewhat  swollen. 

§  21. 
Differences  ofSaee  and  Apex. 

The  few  distinct  differences  of  the  base  refer  merely  to  its  greater 
or  smaller  width,  and  robustness. 

Anocjstatb  (angusiatum),  or  coarctate  {coarctatum) ,  is  where  a 
part  begins  with  a  narrow  base,  and  then  dilates  and  thickens. 

Dilated  {dilatatum),  a  distended  part,  the  transverse  diameter  of 
which  is  much  longer  at  one  particular  part,  and  this  peculiarity  is 
generally  found  near  the  base. 

The  differences  of  apex  are  much  more  varied  ;  we  may  enumerate 
the  following  as  particularly  important. 

Tbuncatbd  (truncatum)^  when  a  part  is  limited  at  the  end  by  a 
straight  b'ne  or  surface. 

Rounded  {roiundalum),  when  the  end  takes  the  form  of  a  segment 
of  a  circle. 

Prbmobse  {pramoreum),  when  the  end  appears  bitten  off  or  splintery. 

Emaboinate  {emarginatum),  when  the  end  has  an  obtuse  incision. 

Rbttjsb  {retusurn)y  when  the  terminal  margin  has  an  obtuse  im- 
pression. 

Obtuse  {Musum),  indicates  a  rounded  termination. 

AciTTE  (aculum),  when  it  becomes  regularly  narrower  and  terminates 

in  a  point. 

AcuuiNATB  (acuminatum),  when  this  decrease  is  very  gradual, 
becoming  thereby  much  longer. 

MccRONATB  (mucronatum),  when  from  an  obtuse  end  a  fine  point 
suddenly  proceeds. 

Cuspidate  {cuspidatum),  when  this  pointed  process  is  very  much 
extended,  becoming  almost  setiform. 
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II. — Quality. 

§  22. 

Although  the  investigation  into  structure,  and  the  consequential 
qualities  of  the  organs,  is  more  restrictivcly  the  object  of  anatomy ; 
yet  the  precise  definition  of  their  various  distinctions  is  of  importance 
to  descriptive  entomology.  We  must  not,  therefore,  omit  defining 
orismologically  these  peculiarities  of  th^  structure  of  the  parts,  and  the 
more  so,  as  they  are  chiefly  superficial.-.  Under  this  head  we  shall 
accordingly  treat  particularly  of  the  diflFerences  of  substance,  and  of 
those  of  superficies,  excluding  however  from  this  chapter  those  arising 
from  individual  substances  springing  from,  or  reposing  upon  the  surface 
of  bodies,  such  as  hair,  scales,  &c.  &c. 

§  23. 
Differ ence9  of  Substance, 

Membranous  {membranaceum),  is  a  delicate,  flexible,  transparent, 
thin,  superficially  distended  substance. 

CoRiACEUs  {coriaceum),  is  also  a  thin,  flexible,  distended  substance, 
but  is  somewhat  thicker,  and  opaque,  resembling  leather. 

CioBNBOUs  {comeum),  a  thicker,  harder,  entirely  opaque,  and  scarcely 
flexible  substance,  resembling  horn. 

Cabtilaoinoub  {cartilagineum),  is  a  substance  combined  of  the 
qualities  of  membrane  and  horn;  it  is  thicker  than  the  latter,  but 
somewhat  transparent,  flexible,  and  always  whitish. 

Solid  (wUdum),  is  a  substance  consisting  of  one  mass,  with  no  vacant 
interstices. 

Porous  {porosum),  when  small  interstices  or  holes  are  observable 
upon  the  surfieuse. 

Sponot  {spongriosum)f  when  8of%  and  intersected  by  small  channels 
throughout  its  substance. 

Tubular  (tubulorum),  when  a  longitudinal  cylindrical  body  is  hollow 
throughout  its  whole  length. 

Vbntricosb  {veniricowm)^  when  this  tubular  pipe  suddenly  distends 
into  a  large  cavity. 

Flexible  (flexUU),  a  substance  possessing  elastic  properties. 

Rigid  {rigidum),  when  it  will  not  bend  without  breaking. 
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§  24. 

Differ cTicea  of  Surface. 

Smooth  {IcBVt)^  a  surfieu^  without  either  impressioDs  or  elevations. 

Levigate  {UBmgatvm)^  a  smooth  surfitoe^  somewhat  shining. 

Shining  {niixdunij  polUum),  when  a  smooth  sur&ce  reflects^  as  if 
formed  of  metal. 

Lucid  (lucidum),  possessing  this  quality  in  a  high  d^ree,  reflecting 
with  the  brilliancy  of  a  mirror. 

Scabrous  (scabrum),  a  surface  covered  with  small  and  slight 
elevations. 

Rough  (asperum),  when  these  elevations  are  more  perceptible. 

Verrucose  (verrucosum),  a  surface  beset  with  large  smooth  ele- 
vations^  resembling  warts. 

ToRULOSE  {iorulosum),  when  there  are  but  few  elevations  spread 
about^  bat  these  of  considerable  size. 

Granulated  (granulatum),  when  small  roundish  elevations  are 
placed  in  rows  ;  muricate  (muricaium),  when  dispersed  elevations  rise 
in  sharp  points ;  echinate  {echinaium),  when  they  rise  higher^  and 
are  thinner  5  catenulated  (caienulatum),  when  longitudinal  eleva- 
tions are  connected  like  the  links  of  a  chain,  and  are  placed  in  rows ; 
intricate  (inlricatum),  when  the  elevations  and  depressions  are  placed 
without  any  regularity,  but  close  to  each  other ;  pafillulate  (papil- 
lulaium),  when  the  dispersed  elevations  or  depressions  have  a  smaller 
elevation  in  their  centre. 

Line  ate  {lineatum),  when  there  are  fine  longitudinal  elevated  lines ; 
cosTATE  {casiatum)y  when  these  lines  are  stronger,  and  the  intervals 
between  them  wider ;  furrow  (^sulcus),  is  such  an  interval. 

Tesselate  {tesselatum)f  when  the  lineate  surface  is  intersected  by 
similar  transverse  elevated  lines^  as  it  were  chequered  (it  is  also  used 
to  indicate  square  scales);  reticulated  (reliculatum),  when  the 
stronger  lines  intersect  each  other  like  the  meshes  of  a  net. 

Striated  (striatum),  when  there  are  parallel  longitudinal  shallow 
impressions;  sulcate  (sulcatum),  when  these  impressions  are  broader 
and  deeper  than  the  preceding^  or  rather  when  they  are  of  the  same 
width  as  the  interstitial  elevations ;  whereas^  when  striate^  these  inter- 
stices are  much  wider ;  forcate  (porcatum),  on  the  contrary^  when  the 
sdlcations  are  deep,  and  very  much  broader  than    the  intervening 
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elevated  ridges  ;  c a  naliculate  (canaliculatum),  is  a  surface^  which  has 
in  its  centre  a  broad^  but  not  very  deep  longitudinal  furrows ;  exarate 
{exaraium),  when  several  such  furrows  with  perpendicular  margins, 
and  wide,  elevated  intervals^  run  parallel  to  each  other ;  aciculate 
{aciculatum)^  when  many  fine^  frequently  undulating  striae  running 
either  parallel^  or  interweaving  each  other^  make  the  surface  appear  as 
if  scratched  with  a  needle. 

Punctured  (punctatum) ,  a  surface  covered  with  small  impressed 
punctures;  variolus  (variolorum),  when  larger  depressions  are  iso- 
lated, and  resemble  the  maiks  of  the  small-pox ;  foveolate  (foveo- 
latum),  or  scrobiculate  (scrobiculatum),  when  somewhat  deeper 
impressions  become  narrower  towards  their  bottom ;  clathrate  {clath- 
ratum),  when  such  foveoles  are  placed  in  rows,  having  elevated  longitu- 
dinal lines  between  them ;  favose  (Javosum),  when  these  depressions 
stand  close  together,  so  that  the  surface  resembles  a  honey-comb; 
ENGRAVED  (exsculplufti),  wheu  a  variety  of  irregular  longitudinal 
depressions  cover  the  surface;  vermiculate  (vermiculatum),  when 
the  depressions  are  longitudinal  and  tortuous,  like  a  worm-eaten  stem. 

The  following  distinctions  are  made  with  respect  to  the  convexity  or 
concavity  of  a  surface  : — 

Plane  (planum),  when  the  whole  surface  is  of  an  equal  height. 

Convex  (convejpum),  when  a  surface  prises  gradually  to  its  centre, 
which  becomes  thus  the  highest  of  the  whole. 

GoNCAVB  {concavum),  when  the  surface  gradually  declines  towards 
its  centre,  thus  becoming  the  deepest. 

£xcAVATSD  (excavaium),  a  depression,  the  section  of  which  is  not 
the  segment  of  a  circle. 

Gibbose  (gibbosuin),  when  separate  parts  rise  higher  than  the  rest; 
GIBBOUS  (gibbum),  on  the  contrary,  is  a  surface,  the  section  of  which 
is  not  the  segment  of  a  circle;  tuberculate  (^tuberculatum),  when 
the  whole  surface  rises  conically;  rugose  (rugosum),  when  longitudi- 
nal elevations  are  placed  irregularly  like  coarse  wrinkles. 

The  inequalities,  caused  by  a  production  of  the  true  surface,  are  thus 
distiniraished*: — 

Aculeate  (acuUatum),  with  slender  pointed  processes ;  spinose 
(spinosum),  covered  with  solitary,  thicker,  and  frequently  bowed  pro- 
cesses. 

Unarmed  (muiicum^  inerme),  when  no  such  processes  exist.'  The 
first  word  is  generally  used  when  terminal  processes  are  wanting,  where 
they  are  usually  present. 
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III. — Clothing. 

§  25. 

Having  thus  explained  the  differences  of  surface  produced  within 
Itself,  we  have  yet  to  notice  those  caused  by  individual  substances 
lying  upon  or  attached  to  it. 

Glabrous  (glabrum),  is  a  uniform  surface^  without  this  distinction, 
when  according  to  rule  hair  (pUi)  clothes  it. 

Pilose  (jpilogum),  when  covered  with  dispersed,  somewhat  long  and 
bent  hairs. 

Hairt  (hirlum,  hirmtum),  when  densely  covered  with  short  stiff  hairs. 

ViLLOsE  (villoswn),  when  densely  covered  with  long  slender  hairs, 
which  rise  upright. 

Pubescent  (pubescent),  when  the  hair  is  soft,  short,  and  decumbent. 

Crinite  (criuitum),  when  the  hair  is  very  long,  slender,  and  dis- 
persed* 

Sericeous  {sericeum,  holosericeum),  when  short  shining  hairs  lie 
closely  to  the  surface,  resembling  silk  or  satin  in  splendour. 

Lanuginose  (lanuginosum),  when  longish  curled  hair  is  dispersed 
over  the  surface. 

Tom  EN  TO  se  (tomentasum),  when  longish  curled  hair  stands  densely 
and  interwoven. 

Setose  [seiasum),  with  dispersed  long  stiff  hair. 

CiLiATE  (ciliaium),  when  fringed  with  short  stiff  hair. 

Pinnate  (pinnatwn),  when  stiff  hairs,  or  thorny  processes,  occupy 
the  opposite  sides  of  a  thin  shank. 

Squamose  (squamosum),  when  covered  with  small  broad  scales  which 
lap  over  each  other ;  such  a  scale  with  a  short  stalk  is  called  squama. 
When  these  scales  are  square  the  surface  is  called  tesselated  {tesse- 
latum)y  PRUiNosE  (pruinose),  when  covered  with  minute  dust,  scarcely 
discoverable  by  the  lens ;  farinose  (Jarinosum),  when  the  dust  is  more 
perceptible,  resembling  flour,  and  removed  by  the  least  touch;  polinosb 
( polinosum),  this  dust,  when  yellow,  like  the  pollen  of  flowers ;  pul- 
verulent (^pulverulenium),  rorulent  (rorulentum),  express  very 
similar,  scarcely  precisely  distinguishable  qualities ;  lutose  (luiosum), 
apparently  or  absolutely  covered  with  dirt  ^;  naked  (nudum),  a  surface 
without  either  a  scaly  or  dusty  covering. 

*  IfuTf  beetles  that  liye  npon  ^  day  toil  are  alwaya  thus  covered  with  dirt;  for 
example,  the  species  of  the  genera  Arida,  Meleus  varioiotus. 

c2 
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§  26. 

If  the  clothing  be  placed  isolated^  leaving  free  spaces  between 
it,  or  if  present  upon  only  certain  parts  of  the  body,  the  following 
terms  are  used  to  distinguish  these  differences : — 

Fasciculate  (Jizsciculatum),  is  a  surface  covered  with  dispersed 
bundles  of  long  hair ;  a  solitary  one  is  called  a  fascicule  {fasciculus)  ; 
CIRRUS  (cirrus),  is  a  curled  lock  of  hair  placed  upon  a  thin  stalk ; 
BRUSH  {scopa),  when  the  hair  is  short,  stiff,  and  of  equal  length ; 
scoPATE  (scopaceum) ,  is  a  surface  entirely  covered  with  such  a  brush. 

CoMATE  (comaium),  when  the  upper  part  of  the  head  or  vertex  alone 
is  covered  with  long  hairs. 

Barbate  (barbatum),  when  a  part,  chiefly  an  opening,  as  the  mouth, 
&C.J  is  surrounded  by  long  hairs. 

Pencillate  (pencillatum),  when  long  flexible  hair  is  placed  upon 
a  thin  stalk. 

Fimbriate  (Jimhriaium),  when  a  part  is  fringed  with  hair  of 
irregular  length. 

JuBATE  (Juhatum),  when  fringed  with  long  pendent  hair  (interme- 
diate legs  of  the  male  of  Antkophara  retusa). 

IV — Colour. 

§  27. 
Colour  succeeds  to  form^  and  the  various  qualities  of  surface^  as  the 
next  most  important  character  for  distinguishing  insects.  Even  in 
groups  where  colour  cannot  be  used  as  a  specific  character,  from  its 
great  and  frequent  variation  in  the  kame  species  (as  Coccinella  varia- 
hilts i  Ulig.),  it  then  becomes  important  to  notice  precisely  its  difllerences 
for  the  requisite  separation  of  the  varieties  of  the  species.  In  order  to 
explain  distinctly  these  differences  of  colour,  terms  expressive  of  the  mul- 
titudinous gradations  of  tint  produced  by  the  various  admixture  of  the 
several  primary  colours  are  necessary.  But  as  we  have  not  yet  arrived  at 
a  general  unanimity,  which  may  be  readily  perceived  by  the  comparison 
■of  the  descriptions  of  the  same  insect  by  different  authors,  it  is  vain  to 
hope  that  we  shall  here  solve  the  problem  of  reducing  the  system  to 
universal  harmony.  Clearly  perceiving  these  difficulties,  Lamarck^  and 
after  him  Latreille*,  proposed  a  peculiar  method  for  the  definition  of 
colour,  whereby  he  thought  he  had  removed  every  possible  doubt. 

*  P.  A.  Latreille,  Histoire  Natarelle  des  Crust,  et  ^dei  Insectet.  Paris,  m.  XII.  YoL  i. 
p.  331,  &c. 
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He  considered  three  of  the  seven  prismatic  colours  as  simple  primary 
colours ;  viz.  blue,  red^  and  yellow^  and  adopted  them  as  the  basis  of 
his  whole  system^  seeking  their  correspondent  affinities  in  nature.  Blue 
conducts  on  the  one  side  to  blacky  yellow  to  white.  From  the  admix- 
ture of  equal  parts  of  the  approximate  colours^  two  new  ones  arise ;  viz. 
violet,  from  blue  and  red^  and  orange,  from  red  and  yellow ;  green  is 
excluded,  it  being  treated  as  the  unnatural  and  irregular  union  of  two 
colours  removed  from  their  true  places  (!).  Thence  we  have  the  fol- 
lowing series: — 

Black,  blue,  violet,  redj  orange,  yellow,  white. 

This  series  he  inscribes  upon  a  scale,  divided  into  sixty  equal  parts  ; 
he  places  white  at  0,  and  proceeding  from  10  to  10,  consecutively 
arranges  them  aU.  The  modification,  in  the  union  of  two  approximate 
colours,  is  determined  by  their  relative  numerical  power ;  for  example, 
Bve  parts  black,  and  five  blue,  give  black-blue ;  eight  parts  black,  and 
two  blue,  give  a  very  deep  black-blue  (bleu  noir  triple),  &c.  By  this 
means,  he  obtains  sixty  different  gradations  of  colour,  which,  we  admit, 
frequently  suffice  for  the  description  of  natural  colours,  but  do  not  cer- 
tainly extend  to  all,  for  all  unions  of  black  and  red,  red  and  white« 
black  and  white,  are  wanting.  This  table  is  also  rendered  excessively 
defective  by  the  entire  omission  of  green,  one  of  the  most  prevailing 
colours,  and  in  the  most  variable  gradations,  throughout  nature. 

§  28. 

Eight  primary  colours  are  generally  adopted  in  Natural  History; 
viz.  white,  grey,  black,  brown,  red,  blue,  green  and  yellow.  Each  of 
these  colours  admit  of  being  mixed  with  others^  and  even  some  of  those 
named  are  produced  by  the  union  of  two  of  the  rest.  It  is,  therefore, 
evident,  how  excessively  variable  must  be  the  effect  of  such  mixtures 
of  colours,  and  how  very  closely  they  approach  to  and  pass  into  each 
other,  so  that  the  precise  distinction  of  each  change  ^vould  be  an 
.ungrateful  and  useless  task. 

The  d^ees  and  intensity  of  colour  are  also  very  variable. 

The  following  terms  are  in  use  to  express  some  of  them : — 

Deep  {saturate)^  when  colour  is  very  intense  or  thickly  laid  on. 

Palb  {dilute),  when  but  slightly  coloured. 

Bright  (laste),  when  the  colour  is  clear  and  vivacious. 

Faded  {obsolete)  <,  when  it  appears  as  if  faded  by  the  air. 

Sordid  (^sordide),  when  the  colouring  i^  impure,  and  as  if  clouded 
by  the  admixture  of  another. 
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§   29. 

White  {a]hwi\  a  pure  plain  white. 
Niveous  {nivewi)^  the  purest^  dazzling  white  of  snow. 
Lacteous  {lacteus)i  white,  with  a  bluish  tint  like  milk. 
Cretaceous  {creiaceusi),  white,  with  a  yellowish  tint  like  chalk. 

§  30. 

Griseous  (griseus),  a  mixture  of  black  and  white. 
Hoary  {canuSf  incanus),  gnj,  with  the  white  prevailing. 
Cinereous  (cinereus),  a  dark  grey,  in  which  the  black  prevails. 
Mou8E*coLOURED  (murinus),  grey,  with  a  yellowish  tint. 
Fawn-coloured  {cervinus),  grey,  with  a  reddish-brown  tint. 
Smoky  (fumalus),  grey,  inclining  to  dark-brown,  like  the  colour  of 
smoke. 

§  31. 

Black  (niger),  pure  black,  the  colour  of  fresh  garden-earth. 
Blackish  (nigricans),  a  bright  black,  inclining  to  grey. 
Atrous  (ater,  aierritnus),  the  purest,  most  intense  black. 
Coal-black  (anlhracinus),  a  deep  shining  black,  with  a  bluish  tint. 
PiCEOUS  (piceus),  a  bright  black,  with  a  greenish  tint. 

(32. 

Fuscus  {fu9ctu),  dull  brown,  a  plain  mixture  of  black  and  red. 

Brown  {hrunneus)^  a  pure  bright  brown. 

Chestnut  (ccutaneus),  a  bright  red-bro^vn,  the  colour  of  the  fruit 
of  the  horse-chestnut. 

Bay  {badius),  a  clearer  lighter  brown  than  the  preceding. 

Ferruginous  (Jerrugineus),  a  brown,  wherein  red  prevails,  reisem- 
bling  the  rust  of  iron. 

Fuliginous  {fuliginosui),  a  very  deep  dark  brown,  the  colour  of  soot* 

Umber  {wnbrinus),  a  bright  dark  brown,^with  some  yellow 

Fulvous  (Julvw),  a  light  brown,  with  mudi  yellow. 

§  33. 

Red  (ruber),  the  usual  red ;  the  colour  of  burnt  tiles. 
MiNiATOUS  (miniatus),  the  colour  of  red  lead. 
Latericeous  (lalericius),  the  yellow-red  of  yellowish  bricks. 


GENERAL   ORISMOLOGY.  23 

Sanguineous  (sanguineus),  a  deep  red«  with  a  dash  of  blae^  the 
colour  of  fresh  blood. 
PvnrLK(purpureus  or  puniceus),  a  bnght  red,  with  a  violet  tint* 

§  34. 

Blue  (cyaneus),  ptire  dark  blue  of  Indigo^ 

Azure  {azureus),  a  dear  brilliant  blue^  vis.  wings  of  Lyctena* 

Sky-blue  {camleus)  a  pale  bhie^  like  the  colour  of  the  sky. 

Violet  {violaeeus),  a  blue«  with  a  reddish  tint. 

Pruinosb  {pruinHs,  pruinosus),  a  reddish  blue>  with  a  whitish 
coreriag,  like  the  bloom  of  ripe  plums.  • 

Glaucous  (giaucus),  a  bright  blue,  with  a  strong  admixture  of 
white,  inclining  to  grey. 

CiBsioos  (casius,)  a  greenish,  grey,  sordid  blue. 

Dark-blue  (atroceruleus),  a  dark,  deep  blue,  inclining  to  black. 

§  35. 

Yellow  (Jlavus),  most  beautiful,  and  purest  in  the  colour  of 
sulphur,  thence  sulphureous  (sulphureus). 

Stramineous  (siramineus),  a  pale,  less  brilliant,  but  pure  yellow 
of  the  colour  of  straw. 

Saffron-coloured  (croceus),  or  orange  {aurantiacus),  yellow, 
with  an  admixture  of  red. 

OcHRACEOUs  (pckraceus),  a  similar  but  sordid  yellow,  inclining  to 
brown,  the  colour  of  ochre. 

LuTEOUs  (luieus),  a  brownish  yellow,  the  colour  of  clay. 

Lurid  (luridus),  a  dirty  yellow,  more  inclining  to  brown. 

Livid  (fividus),  a  palish  yellow,  with  a  blue  tint. 

Testaceous  {iestaceiis),  a  dull,  yellow  brown. 

§  36. 

Green  (viridU),  the  mixture  of  blue  and  yellow,  the  prevalent 
ooloiir  of  the  leaves  of  plants. 

CEruginous  (ceruginosus),  a' bright  green,  inclining  to  blue. 

Prasinous  (^prasinus),  a  light  greeu,  inclining  to  yellow. 

Olivaceous  (olivaceus),  a  green,  with  an  admixture  of  brown. 

Yellow-green  {Jlavo^virens)y  a  bright  green,  with  the  yellow 
predominant. 
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§  37. 

Besides  the  above  tenns,  expressive  of  colour,  several  are  used  derived 
from  natural  objects^  or  from  those  in  daily  use. 

Hyaline  (kyalinus),  expresses  a  transparent^  colourless  part. 

Pellucid  {pellucidus,  diaphanus),  a  coloured  but  transparent  part* 

Opaque  {ppacus),  a  clouded,  not  transparent  part. 

The  brilliant  or  glittering  colours  are  derived  chiefly  from  metals  or 
other  minerals^  to  which  they  are  exclusively  peculiar. 

Opaline  {ppalinus,  or  opalizans),  the  prismatic  reflection  of  the 
opaL 

Maroaritaoeous  {margaritaceua)^  reflecting  the  prismatic  colours 
like  mother  of  pearl. 

Crystalline  {cryatallinus),  the  pure  transparency  of  crystal. 

Amethystine  {amethysHnus),  the  brilliant  colour  of  the  amethyst. 

Smaraodine  (smaragdintu),  the  brilliant  green  of  the  emerald. 

Silvery  {argenteus)^  the  metallic  white  of  silver. 

Golden  {auratus,  or  inauratus),  the  metallic  yellow  of  gold. 

AuRiCHALGEOUs  {aurichalceous),  the  metallic  yellow  of  brass. 

Cupreous  {cupretis),  the  metallic  red  of  copper. 

^neous  {tBfieu3)y  the  green  metallic  colour  of  bronze. 

Chalybeous  {chalyheus),  the  metallic  blue  of  case-hardened  steel. 

Plumbeous  (plumbeua);  the  pale  blue  grey  of  lead. 

Ferreous  {ferTeus)y  the  metallic  grey  of  polished  iron. 

Splendent  (splendens),  any  colour  having  a  metallic  splendour. 

§  38. 

There  are  also  peculiar  terms  to  express  the  painting  of  parts. 

Spot  (punctum),  a  small  roundish  dark  spot  upon  a  plain  surface ; 
these  spots  must  be  distinguished  from  impressed  punctures^  but  the 
latter  are  sometimes  diflFerently  coloured  from  the  rest  of  the  surfEuse. 

Atoms  (atomi),  are  points  not  proceeding  from  the  colour  of  the 
surface,  but  applied  to  the  surface ;  they  must,  however,  be  so  large  and 
distinct  that  each  can  be  clearly  recognised. 

Pustule  (jmstula),  a  point  of  larger  circumference. 

Macula  (macula),  is  a  tolerably  large  angular  spot,  of  a  dark  colour, 
upon  a  uniform  surface. 

Gutta  {guild},  is  a  light  spot  upou  a  light  ground,  viz.  white  upon 
yellow. 
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LiTDRA  (liturd),  an  indistinct  spot^  paler  at  its  margins. 

Plaga  (pUiga),  a  longish  spot  of  irregular  form. 

LiNB  (Unea),  a  Tery  alight,  generally  straight,  but  also  sometimes 
gently  bent>  differently  coloured  stripe. 

ViTTA  (vUtd),  a  broad  longitudinal  stripe. 

Strioa  (sirigd),  a  transverse  bond. 

Fascia  (^fatcid)^  a  broad  transverse  band. 

Annui^et  (annuhui),  a  narrow  differently  coloured  circle  upon  a 
surfeice,  or  upon  the  circumference  of  a  part. 

LuNULET  (lunula) y  a  half-moon  shaped  spot  of  a  different  colour. 

Ocellus  (ocellus),  a  coloured  ring,  with  a  similarly  or  differently 
odoared  centre.  In  the  latter  case  this  point  is  called  the  pupil 
(pupilla),  and  the  space  between  it  and  the  ring  the  iris. 

From  these  terms  are  derived  the  adjectives  of  a  similar  signification, 
as  Elytra  vitiaiay  &c.  Besides  these,  many  adjectives  are  used  to 
express  similar,  but  less  peculiar  painting,  such  as, — 

Irrorate  (irroralus)y  when  a  space  is  covered  with  the  above 
described  atoms. 

Nebulose  (nebulo8ui)y  when  a  sur&ce  has  different,  lighter  and 
darker  and  paler  markings  resembling  the  irregular  colouring  of  a  cloud. 

SioNATE  (iignatusy  or  notalui),  is  a  part  with  distinct  markings. 

Dispersed  (adspersus,  conspersus),  when  these  markings  consist  of 
small  spots  standing  close  together. 

Fenestrate  (Jisnestraius),  is  a  dark  surface,  ivith  one  or  more 
transparent  spots. 

Marmorate  (marmoratua),  when  the  markings  are  variegated  like 
marble. 

Testudinatb  (iestudineaius),  when  the  surface  resembles  the  back 
of  a  tortoise. 

Undulate  (undulatus),  when  the  markings  are  waved  either 
longitudinally  or  transversely. 

Unicolor  (iinicolor)^  a  part  uniformly  coloured. 

CoNCOLOROUs  (concolor),  when  resembling  in  colour  to  any  other 
part  of  the  same  insect. 

Versicoloured  (versicolor),  when  a  part  displays  several  different 
colours,  indeterminately  restricted. 

Discoloured  (discolor),  when  the  same  part  of  an  insect  has  diffe- 
rent colours.  (Foreiuunple,  legs  are  called  discoloured  when  the  anterior 
are  red  and  the  posterior  black.) 
Iridicolor  (iridicolor),  a  surface  reflecting  the  prismatic  hues. 
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V.  Measure. 

§  39. 

A  universally  known  measure^ — ^the  Paris  line,— >the  twdfth  part 
of  an  inch^  has  been  adopted  as  unit  for  the  determination  of  the 
length  of  insects.  This  character  is  of  considerable  importance  from 
the  very  constant  uniformity  of  size^  not  only  of  the  parts  of  the  same 
individual,  but  also  of  all  the  individuals  of  tlie  same  species* ;  and 
thus  the  length  of  every  possible  part  can  be  as  precisely  ascertained 
as  the  purpose  in  view  may  require*  This  mode  of  measuring  has  by 
£Bir  the  advantage,  and  must  consequently  never  be  omitted  when  a 
gpecies  is  named  and  published.  The  difference  of  size  which  imme- 
diately catches  the  eye  is  frequently  the  first  best  character  whereby 
we  are  enabled,  at  the  very  first  glimpse,  to  separate  two^  or  more, 
closely  related  species. 

§  40. 

Besides  this  universally  applicable,  absolute  measure,  there  is 
another  relative  one.  A  portion  of  the  insect  is  adopted  as  the  unit, 
and  by  means  of  it,  the  length  of  the  remainder  is  determined,  or  two 
or  more  parts  are  compared  together,  and  thereby  a  proportional  rela- 
tion formed.  This  plan  is  also  useful  particularly  when  given  in  con- 
junction with  its  absolute  length.  The  following  is  the  mode  of 
proceeding  to  the  precise  determination  of  the  longitudinal  pro- 
portions. 

We  must  commence  by  measuring  the  whole  length  of  the  body 
and  giving  it,  and  then  the  length  and  breadth  of  the  different  di- 
visions must  be  placed  as  in  the  following  table : — 


HEAD. 

THORAX. 

ABDOMEN. 

Length. 

Breadth. 

Length. 

Breadth. 

Length. 

Breadth. 

0,70 

1,0 

1,80 

2.10 

3,50 

2,40 

Such  a  table  immediately  gives  the  relative  proportions  of  each 

*  This  is  liable  to  innumerable  exoeptionB,  but  a  familiarity  ynih  insects  soon  gives  an 
idea  of  the  range  that  it  may  be  allowed,  as  it  varies  considerably  in  different  species.  It 
can  never  be  permitted  alone  to  determine  a  difference,  unless  supported  by  other  cha. 
ractcrs  which,  in  themselves,  sometimes  (particularly  in  colour)  would  scarcely  suffice 
for  a  separation.  Its  use  is  consequently  of  importance  for  identification,  exclndve  of  ks 
value  in  determining  the  effects  of  climate  and  tcmperaturc^-TR. 
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chief  division  to  the  other ;  and  it  is  very  easy^  by  a  comparisrai  with 
these,  to  indicate  sufficiently  the  length  of  the  limbs ;  as,  for  example, 
we  might  say  of  the  antennas^  as  long  as  head  and  thorax  together ;  or 
of  die  wings^  they  are  one*-half  longer  than  the  abdomen.  And  the 
length  of  the  legs^  and  their  several  joints^  may  slao  be  thus  shown. 

Haosmann*  was  the  first,  as  far  as  we  are  aware,  who  applied  this 
method  to  inaeots,  and  A.  Ahrens  followed  him,  and  which  all  writers 
of  Monographs  should  likewise  do.  But  it  can  scarcely  be  adopted  in 
s  oomplele  system  of  insects  (the  want  of  which  is  now  so  strongly 
ieh  upon  all  sides)  by  reason  of  its  too  great  prolixity.  In  such  a 
work,  the  mere  length  must  suffice,  but  which  must  never  be  omitted. 

§  41. 

This  precise  and  elaborate  measuring  of  the  parts  has  been  endea- 
voared  to  be  dispensed  with  by  the  introduction  of  a  comparison  with 
universally  known  objects.  The  width  of  the  thumb  (an  inch,  poUex) 
has  served  for  the  determination  of  the  length  of  large  individuals. 
Half  that  length  is  indicated  by  the  adjective  half  {difnidius)^  which 
is  universally  used  to  indicate  half  the  size.  We  thus  say  half  as 
laige,  dimidio  minus;  by  one-half  larger,  dimidio  majut ;  by  one-half 
broader,  ditnidio  latius,  &c.  In  the  same  manner  the  comparative 
numerals  are  applied,  triplex,  quadruples,  &c.  Thus,  one-third  as 
large,  tripio-minus ;  three  times  as  large,  triplo^majut ;  one-fourth 
as  large,  quadruplo^minus ;  four  times  as  large,  quadruplo^majus. 
Quincuplex  and  sexlupUx,  are  also,  but  very  seldom,  used. 

§  42. 

Equal  size  is  indicated  by  the  adjective  aquaUs ;  a  more  con- 
siderable size  is  giren  generally  without  precise  determination,  or  by 
the  expressions  ruperans  and  ejtcedens.  Very  variable  size,  as  well 
as  the  variableness  of  colour,  are  indicated  by  the  words  variabilis, 
muiabilis. 


■  11Iigcr*s  Magftzioc,  vi.  229. 

f  Neue.  Schrcften  der  Hallis.  da  turf.  Cesellwhaft,  i.  3. 
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VI. — AppixioN,  Direction. 

§  43. 

We  have  but  few  generalities  to  give  upon  affixion  and  direction, 
insects  having  but  few  exterior  organs,  and  those  applied  in  a  uniform 
manner  to  the  same  place.  But  there  are  a  few  phenomena  of  greater 
Universality,  which  we  shall  now  refer  to. 

§  44. 

Affixion  is  of  a  double  kind.  Aunatb  (adnatum)  are  those  parts 
which  form  an  immediate  continuation  of  the  base  upon  which  they 
repose,  and  are  besides  immoveable.  Articulate  {ariicuUUum),  are 
those  parts  which  stand  in  connexion  with  the  body  merely  by  a 
flexible  membranous  medium,  as  sinews,  &c.,  and  possess  a  greater 
or  less  degree  of  motion. 

Processes  such  as  Spines  (spifue,  acuUi)  ;  Horns  {cornua),  or 
plainly  processes,  forms,  merely  distinguished  from  each  other  by  their 
size,  and  often  indifferently  applied,  require  no  general  notice  of  their 
affixion,  it  being  precisely  the  same  in  all. 

In  the  Articulation  (articulaiio),  we  distinguish  the  ball  and  socket 
(Arthrodia),  whereby  motion  is  possible  in  every,  or  very  many  ways 
(for  example,  between  the  head  and  prothorax),  and  the  gynglimous 
(gyngUtnus)^  which  admits  merely  of  the  flexion  and  extension  of  the 
two  united  parts. 

§  45. 

With  respect  to  the  direction  of  parts,  we  distinguish — 

Anterior  {aniicum),  lying  near  the  head. 

Posterior  (posticum^f  that  approximate  to  the  end  of  the  body. 

Superior  (^supra),  placed,  upon  the  back. 

Inferior  {infra),  attached  to  the  ventral  portion  of  the  body. 

Both  sides  {utrinque),  indicates  a  quality  or  peculiarity  found  on 
each  side  of  the  body,  and  indeed  at  the  same  place. 

Basal  {basales),  are  parts  or  organs  arising  from  the  base  of 
another. 

Terminal  (^iertninalis),  such  as  arise  from  its  apex  or  end. 

Axillary  (axillarei),  are  those  which  spring  from  the  point  of 
union  of  two  others. 
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Erbct  (erectus),  a  piirt  which  stands  perpendicular  upon  another. 

Aduncous  {aduncus),  a  part  which  gradually  bows  from  the  direct 
line. 

NuTANT  {nutans),  a  perpendicular  part^  the  apex  of  which  bends 
over. 

DsPRESSBD  (depressux),  a  part  which  appears  to  have  been  pressed 
from  above. 

Compressed  (compressiis),  on  the  contrary^  when  the  pressure 
seems  to  have  been  made  from  the  sides. 

Rbpi^bxbd  (rejlexu9,  recUnatus),  when  the  margin  of  a  part  rises 
upwards ;  deflbxbd  (defiexus),  when  it  bends  downwards. 

Revolved  (revoluHii),  and  involved  (involutus),  are  also  thus 
distingttishedj  but  they  indicate  a  greater  degree  of  it — an  absolute 
rolling  up. 

CoMFLiCATBD  {complicotus) ,  is  a  part  laid  longitudinally  in  folds ; 
replicate  {replicaius),  when  the  apex  bends  rounds  and  the  part  is 
thereby  refolded. 

A  part  prolonged  or  distended  most  considerably  from  front  to  back, 
is  called  straight  {rectus)  ;  when  its  greatest  distension,  however,  is 
at  right  angles  with  the  length  of  the  body,  it  is  called  transverse 
(transversus). 

Note.  Many  of  the  general,  terms  of  other  writers,  of  Kirby,  for 
instance,  are  passed  over,  as  their  signification  may  be  found  in  any 
Latin  dictionary. 
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§  46. 

Having  thus  concluded  the  examination  of  the  general  differences 
observed  in  all,  or  the  majority  of  the  organs^  it  now  remains  for  us,  as 
the  subject  of  the  following  chapter,  to  describe  the  insect  body  in  its 
separate  periods  of  existence,  and  all  the  thence  perceptible  differences 
of  its  various  organs.  The  illustration  of  its  several  stages  of  develop- 
ment first  claims  our  attention. 

§  47. 

Commencing  our  investigation  with  the  first  beginning  of  insects^  we 
may  lay  it  down  as  a  universal  law>  that  all  insects  originate  from  bggs 
(ova).  With  the  exception  of  the  few  instances^  wherein  the  egg  is 
hatched  in  the  body  of  the  mother ^  and  the  young  thus  born  more  fully 
developed,  a  species  of  propagation  to  which  the  ancients  applied  the 
name  of  Insecta  ovo^vivipara  {Musca  camaria,  Sec,),  all  insects  are 
truly  animalia  ovipara.  We  must  here  indeed  mention  a  second 
exception^  comprising  those  Diptera  which  are  retained  in  the  body 
of  the  mother^  until  transformed  into  pupse^  and  are  excluded  in  an 
apparent  egg-shell,  but  which  is,  in  fact^  the  pupa-case.  This  species 
of  developement  is  peculiar  to  a  single  family,  which  has  thence  received 
the  name  Diptera  pupipara.  Exclusive  of  these  very  rare  anomalies, 
we  may  observe  four  distinct  periods  of  existence  in  every  insect, 
namely,  those  of  the  ego,  the  larva,  the  pupa,  and  the  imago,  or 
PBRFBGT  INSECT.  In  each  of  these  states  they  are  subject  to  manifold 
differences,  arising  from  the  various  groups  to  which  they  belong,  and 
to  the  contemplation  of  which  we  now  pass. 
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I. — Thk  Ego  {Ovum). 

§  48. 

The  shape  of  the  e^  in  the  several  classes  of  animals  is  in  general 
so  exceedingly  uniform,  that  a  peculiar  expression  has  been  thence 
deduced  for  its  definition.  Indeed,  in  the  class  of  insects,  the  majority 
of  eggi  are  oval  (ovale)  ;  but  their  shape  is  subject  to  so  many  diifer- 
encea,  that  it  is  necessarv  to  enumerate  the  chief. 

Perfectly  olobose  (globosum)  they  are  very  frequently,  particularly 
in  several  families  of  Lepidopiera. 

Sbm iGiiOBOSB  (jBemiglobosum),  likewise  in  several  Lepidoptera  ;  for 
example,  in  Harpya  vinula  (pi.  i.  f.  1). 

Ck)Nic  (conicum)  also  among  Lepidoptera^  as  in  Pontia  Brassiere 
(pi.  i.  f.  2) 

CriiiNDBiGAL  (ctflindricum),  chiefly  in  such  insects  which  lay  them 
in  numbers,  and  close  together  (Gasirophaga  Neustria,  pi.  i.  f.  3). 

Lenticular  (leniiculare),  depressed,  circular,  and  frequently 
ribbed  ^gs,  as  in  the  moths  (pi.  i.  f.  6). 

Other  forms  are  tubban-bhapbd  (tiaratum,  pi.  i.  f.  11);  riblon- 
8HAPED  {cucurbitaceum)  ;  pear-shaped  {pyriforme)  ;  babrel- 
8HAPBD  (pL  i.  f.  5). 

Many  eggs  are  placed  upon  long,  straight  {Hemerohius  perla,  pi.  i. 
f.  14),  or  shorter,  bent  (Ophion  Ititeus,  pi.  i.  f.  16),  footstalks,  and  are 
thence  called  petiolateo  (ova  petiolata).  Others  have  at  one  end  par- 
ticular appendages;  for  ex.  the  eareo-eoos  (ova  aurila,  pi.  i.  f.  17) 
of  Scatophaga  putris,  which,  just  before  their  apex,  are  furnished  witli 
two  short  oblique  appendages,  that  they  may  not  sink  too  deep  in  the 
matter  whereon  the  insect  deposits  them ;  or  crowned  (ova  coronata, 
pL  i.  f.  19)  of  the  water  scorpion  (Nepa  cinerea),  which  are  surrounded 
at  their  superior  extremity  with  a  circle  of  strong  spines,  for  the 
reception  of  the  following  egg,  whereby  they  hang  in  a  row  t(^ether, 
and  do  not  inaptly  represent  the  small,  short-limbed  branches  of  the 
horse-tailed  grass  (equigettMn). 

§  49. 
With  respect  to  the  surfaces  of  eggs,  they  are  generally  smooth 
(o.  glabra),  but  also  frequently  uneven,  or  covered  with  a  variety  of 
r^ukr  sculpture.     Some  are  provided  with  lateral  win^s  (n^n  alntn\  . 
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others  with  short  ribs  extending  from  one  pole  to  the  other  (ova  costata^ 
pi.  i.  f.  5) ;  others  with  delicate  filaments,  which  show  the  segments  of  the 
embryo*  (^Attacus  paphid).  Other  eggs  display  upon  their  surface 
cross  lines  and  sculpture^  which  gives  them  a  reticulated  appearance 
{ova  reticulata),  Hipparchia  Hyperanthua  (pi.  i.  f.  J3)  ;  in  others 
these  lines  take  a  curve,  so  that  the  egg  appears  as  if  covered  with 
tiles  (Hipp,  Jurtina) ;  others,  lastly,  have  decided  knobs,  making  the 
surface  rough  and  uneven  (Pont.  Brassicai),  We  also  occasionally 
observe  in  eggs  irregular  wrinkles  and  impressions,  but  which  do 
not  proceed  from  the  sculpture  of  the  superficies,  and  are  accidental, 
arising  from  their  drying  after  being  laid. 

The  colour  of  the  eggs  of  insects  is,  notwithstanding  their  great 
variety,  not  so  variable  as  in  the  class  of  birds.  White,  yellow,  and 
green,  are  the  chief  colours,  indeed  almost  the  only  ones ;  lor  the  few 
others,  as  brown  in  Harp,  vinula,  or  green  {Citnex  baccarum),  or  banded 
{Gastr.  quercifolia,  p.  1.  f.  1),  import  but  little,  considering  the  greater 
universality  of  the  before-mentioned  colours.  We  occasionally  observe 
very  dark  ones,  even  a  black  brown  (Culexpipiena). 

§50. 

It  is  also  interesting  to  observe  the  vray  in  which  the  eggs  are 
deposited. 

Some  lie  solitary,  and  dispersed  upon  the  plants  and  shrubs  which 
nourish  the  young  {ova  solitaria,)  Others,  which  are  deposited  within 
the  substances,  which  serve  the  young  as  food,  are  called  (ova  imposita) ; 
for  ex.  the  eggs  of  the  Ichneumons  in  the  bodies  of  caterpillars.  The  ^gs 
of  Gastr,  neustria  are  placed  in  a  spiral  line  around  the  young  shoots  of 
the  plant  that  feeds  the  caterpillar  (ova  spiraliter  deposita,  p.  1.  f.  15) ; 
others  form  irregular  heaps,  which  the  mother  secures  from  cold,  and 
other  prejudicial  influences,  by  means  of  the  hair  of  her  body  (ova  pilosoy 
p.  1.  f.  4),  for  ex.  Liparis  chrysorrhea^fascelinay  dispar;  others  again 
are  concealed  in  lumps  of  dung  (ova  glebata,  for  ex.  Gymnopl.  pilula* 
rius)  ;  others  are  formed  in  the  galls  of  plants  (gall^s),  occasioned  by 
the  punctures  of  the  mother  (ova  gallata,  for  ex.  Cynips,  Diplolepis, 
Trypetd) ;  many,  lastly,  are  placed  in  close  cells  formed  by  the  parents 
for  this  purpose  (ova  favosa,  for  ex.  Apis,  Vespa,  PeloptBus'),  All  these 
e^s  adhere  by  a  peculiar  gummy  secretion,  and  are  thence  called  ova 

•  Lin.  Tr.  vii.  34. 
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guftmota ;  but  such  ^gs  as  lie  dispersed  in  any  substance,  as,  for  ex. 
tbe  eggs  of  the  house  fij  {Mtuca  domestica)f  in  dung,  are  called  naked 

Besides  those  above  indicated,  there  are  manj  other  differences,  with 
R^iect  to  their  mode  of  being  deposited,  which,  as  they  are  peculiar 
to  certain  genera  or  families,  we  can  take  notice  of  cmly  in  the  natural 
of  such  groups. 


II.  Th£  Labya.— (Lart;a.) 

§51. 

As  soon  as  the  young  insect  breaks  through  the  egg-shell,  it  is  called 
either  larta,  gatbrpillar^  or  maggot.  In  this  state  it  frequently 
tppears  in  the  shape  of  a  long,  more  or  less  cylindrical,  ringed  worm, 
either  apparently  without  a  head  and  feet,  or  having  a  head  only^ 
or  else  provided  with  several  (at  least  six)  feet.  In  other,  but  less 
namerous  instances,  the  young  assumes  the  form  of  the  parent,  although 
necessarily  much  smaller,  and  always  destitute  of  wings,  whether  the 
parent  insects  possess  them  or  not.  Both  kinds  of  metamorphosis  thus 
eridently  differ  considerably  from  each  other  from  the  mere  form  of  the 
young  itself ;  and  in  the  progress  of  their  development  this  difference 
becomes  still  more  perceptible ;  for  whilst,  in  the  latter  instance,  the 
Toong  one  gradually  attains  both  the  size  and  perfect  form  of  its 
parents  by  a  frequent  change  of  skin  only,  in  the  former  species  of 
development  we  observe,  also  after  successive  changes  .of  skin,  a  state 
«f  repose,  in  which  the  insect  neither  takes  food  nor^  in  the  generality 
of  cases,  moves — a  period  of  its  life  distinguished  by  the  name  of  Pupa 
STATE;  and  at  the  completion  of  this  stage  of  its  existence  only,  is  it 
that  the  pbrfbct.  insect,  or  imago,  bursts  forth  in  all  its  beauty. 

It  was  in  reference  to  the  actual  differences  of  these  modes  of 
derelopment,  that  the  names  were  applied  which  are  used  to  distin* 
goish  them.  Taken  coUectiveiy,  they  are  called  metamorphoses  ;  the 
application  of  which  name  may,  doubtlessly,  be  justified  by  the  decided 
diasiinilarity  of  the  same  individual  insect  in  its  several  stages  of  exist* 
ence.  The  last  kind  of  metamorphosis  is  called  complete  {metamorph. 
completa),  because  in  it  alone  there  is  a  true  metamorphosis  of  the 
individual;  the  former,  on  the  contrary,  is  called  incomplete  (m. 
vicompUia),  since  in  it  there  is,  properly  speaking,  no  change  of  form, 
hat  merdy  a  repeated  casting  off  of  the  exterior  skin. 

Although  these  terms  are  strictly  derived  from  the  condition  of 
change,  .other  writers,  Fabridus  for.  instance,  have  had  different  view^ 

o 
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The  names  he  proposed  for  the,  according  to  him>  several  kinds  of 
metamorphoses  are  the  following : — 

CoMPLETB  (m.  compleia)  is,  according  to  him,  that  species  of 
change  wherein  the  larva  is  formed  exactly  like  the  perfect  insect. 
It  is  found  only  among  such  as  are  destitute  of  wings  in  their  perfect 
state  (e.  g.  Pediculus,  Cimex), 

Semi-completb  (m.  semUcompleta),  when  the  young  resembles  the 
parent  with  respect  to  form,  but  is  as  yet  deficient  in  the  wings  peculiar 
to  the  latter. 

Incomplete  (hi.  incomplela),  when  the  young  creeps  from  the  egg 
as  a  maggot,  and  the  pupa  has  free,  distinct  limbs,  although  quiescent 
{Hymenoptera,  Coleopiera). 

Obteoted  (m,  obiecta),  is  the  change  only  distinguished  from  the 
latter  by  the  limbs,  as  well  as  the  body,  being  enclosed  in  a  hard 
corneous  case,  upon  which  their  form  and  position  are  strongly  indicated 
(Lepidopiera). 

Coarctate  (m.  coarciata)  he  calls,  lastly,  that  change  wherein  the 
larva  is  a  maggot  without  legs,  and  the  pupa  is  enclosed  within  a  round, 
almost  egg-shaped,  corneous  case,  upon  which  there  is  not  the  least 
indication  of  the  parts  of  the  perfect  insect. 

In  opposition  to  this  apparently  very  precise  distinction  of  the 
different  kinds  of  metamorphoses,  we  may  object  that  many  cases  occur 
which  will  not  admit  of  being  arranged  under  any  of  those  heads ;  for 
example,  the  larva  of  XylophagU9  is  without  feet,  and  yet  the  limbs  of 
the  perfect  insect  are  perceptible  upon  the  pupa  case ;  it  is  the  same 
with  the  genus  Siraiiomys;  and  again,  a  footless  maggot  is  trans- 
formed into  a  pupa  with  free  limbs,  as  in  Ichneumon.  Exclusive  of 
these  considerations  the  idea  of  a  complete  change  is  most  strictly  appli- 
cable to  what  Fabricius  terms  incomplete,  and  his  most  complete,  on 
the  contrary,  being  evidently  the  most  incomplete.  It  consequently 
«I^)ears  to  us  preferable  to  adopt  but  two  chief  kinds  of  metamorphoses, 
as,  as  we  have  seen,  between  the  several  subdivisions,  very  many 
connective  and  alternative  conditions  exist. 

§  62. 

The  larvn  of  insects  with  an  imperfect  metamorphosis,  are  to  be 
recognised  in  general  by  their  want  of  wings  and  scutellum  (§  7^) 
with  the  exception  of  the  few  instances  wherein  the  perfect  insect  has 
no  wings.  In  such  cases  certainty  can  be  derived  only  from  their  relative 
aise  in  knonw  species,  as  the  larvas  are  invariably  smaller  than  the 
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iugiK  In  otber  respects,  they  wholly  agree  with  their  parents  as 
regards  their  conformation;  the  same  orismology  consequently  applies 
to  them  as  to  the  latter,  and  with  which  we  shall  become  acquainted  in 
the  description  of  the  perfect  insect. 

§  53. 

All  larvae  with  a  perfect  metamorphosis  have  a  long,  generally 
cylindrical  body,  composed  of  thirteen  more  or  less  distinct  rings  or 
Mgments  \  Many,  which  have  neither  a  distinct  head,  nor  feet,  are 
called  MAGGOTS  (PI.  II.  f.  1) ;  in  others  the  head  is  clearly  distinguished, 
bat  the  feet  are  wanting  (PI.  II.  f.  3) ;  others  again,  in  addition  to  the 
bead,  have  six  feet,  which  are  placed  upon  the  three  first  segments  of 
the  body  following  the  head — these  are  called  labvjb  (PI.  II.  f.  4.  6) ; 
others,  lastly  which  are  called  caterpillars  {Erucas),  possess,  besides 
the  six  homy  legs  of  the  three  first  segments,  several  membranous  legs, 
called  PB0L.B68,  upon  the  ventral  and  anal  segments  (PI.  II.  f.  5, 

7-12). 

The  portions  of  the  body  of  larvae,  consequently,  which  chiefly  merit 
oor  attention  are,  the  hrad,  the  rody,  with  its  various  clothing,  and 

the  LBG8. 

The  HBAD  (caput)  always  occupies  the  first  of  the  thirteen  seg- 
ments of  the  body.  In  many  cases  it  does  not  at  all  differ  from  the 
other  divisicMis  of  the  body,  and  is,  like  them,  covered  with  a  soft  skin, 
aod  equally  flexible  and  changeable  in  its  form.     This  conformation 

*  With  ntpeet  to  tbe  namber  of  the  legiiients,  the  text  might  crette  a  little  eonfution ; 
far  Bonncister  §ay,  at  (  57,  in  imther  an  obieaie  ptnagef  as  it  doea  not  clearly  define 
vkether  he  inclndes  or  excludes  the  head,  that  it  connate  of  twelve  aegmenta;  that 
eontn&ting  what  he  has  previously  said  above ;  and  Ratzebui^*,  in  a  paper  upon  the 
ipodal  larvsB  of  the  Hymenopterm^  figures  them  generslly  as  consisting  of  thirteen 
«8BtatB,  wtueh  it  their  true  namber, — the  first  and  second  of  which  become  the  head,  the 
teifinoth,  aad  fifUi,  the  thoimz,  the  nxth  the  pedicle,  seventh  to  thirteenth  the  abdo- 
on;  bat,  at  fif.  43,  he  represents  the  larva  of  Apia  MMifioa  with  fourteen  segments. 
^Hicther  this  arise  fiom  his  having  figured  the  larva  of  the  male  of  that  insect,  I  do  not 
faHTw,  for  the  text  does  not  eloddate  it ;  but  the  accompanying  figure  (44)  ^ipears  to  be 
As  pepa  of  the  male,  as  ft  haa  eeven  segments  to  the  abdomen.  I  am  not  aware  that 
H  has  been  bcfoe  observed*  that  the  larva  of  the  males  of  the  aeuleato  Hymmutptera 
will  necoaarily  have  an  additional  augment.  Ratzeburg  seems  to  take  great  merit  to  himself 
for  baring  discovered  that  the  larva  of  the  Hymenoptera  are  headless,  as  he  says,  and 
•MDs  to  imfaraalse  a  eensnre  upon  Bwammerdam,  Reaumur,  De  Geer,  Kirby  and  Spenoe, 
I^atiti&e,  te,  fcr  not  having  noticed  as  much.  It  is  evident  that  these  writeis  considexed 
the  two  first  segments  aa  the  head,  and  justly ;  for  although  as  yet  destitute  of  the  usual 
n^Bs,  they  were  in  fact  the  head,  only  requiring  further  development. — Tr. 

*  Nev.  Act.  Med.  Phya.  Acad.  Ccs.  Leop.  CaroL  Nat  Curios,  t.  VIII.,  pi.  i.  p.  145. 
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of  the  head  occurs  only  in  the  maggots,  which  are  destitute  of  all  the 
organs  observable  in  the  heads  of  caterpillars,  such  as  antenme,  eyes/ 
&C. ;  but  there  are  to  be  seen,  in  the  anterior  opening  which  forms  the 
mouth,  two  horny  bristles,  which  seem  to  represent  the  mandibles,  which 
serve  for  the  destruction  of  its  prey,  when,  for  instance,  the  maggot 
feeds  upon  other  insects.  In  larvae  and  caterpillars,  however^  the 
whole  head  is  covered  by  a  peculiar  corneous  case,  which  is  divided  into 
two  by  a  perpendicular  suture  descending  from  the  vertex,  and 
separating  in  a  fork  just  above  the  mouth.  The  general  form  of  this 
covering  is  more  or  less  round,  resembling  a  hemisphere;  in  many 
instances  it  has  a  triangular,  and  often  a  complete  heart-shaped  figure 
(Sphinx  Ligustri,  Stnerinthus  Populi,  and  many  others) ;  sometimes 
each  half  is  produced  at  the  vertex  into  a  pyramidal  process  {Apaiura 
Iris^  PL  II.  f.  16),  or  the  whole  superior  part  of  the  head  is  completely 
covered  with  thorns  and  spines  {Limenilis  Amphinome,  PL  II.  f.  15). 

As  peculiar  organs  of  the  head  of  larv<B,  we  must  notice  the  oral 
apparatus,  the  antennae,  and  the  eyes.  All  true  caterpillars  have 
mouths  adapted  to  manducation,  as  have  also  all  larvae  with  homy  legs, 
and,  indeed,  many  without  legs.  ,The  mouth  is  discoverable  at  the 
anterior  or  inferior  contracted  portion  of  the  head ;  it  is  formed  by  the 
fiat,  longitudinally  quadrate  ( sometimes  taking  the  shape  of  a  segment 
of  a  circle)  corneous  upper-lip,  or  labrum  (labrum,  PL  II.  f.  13,  a) ; 
the  equally  strong  corneous,  horizontally-moving  upper-jaws,  or  manoi- 
BLB8  (mandibular  PI.  II.  f.  13,  h^  b) ;  the  weaker,  but  very  similar,' 
under-jaws,  or  maxilla  {maxiUcB,  c,  c),  with  their  feelers,  or  palpi 
(palpi),  and  the  likewise  flat,  more  or  less  triangular,  homy  under-lip, 
or  LABIUM  (labium,  d),  which  also  is  very  generally  famished  with 
short  FBBLBR8,  or  palpi;  and  this  under-lip,  or  labium,  closes  the  mouth 
from  below,  as  the  labrum  does  from  above,  whilst  the  closed  mandibles 
completely  shut  the  orifice  in  front.  All  these  organs  are  also  found 
in  the  perfect  insect,  and  we  shall  consequently  describe  them  more  in 
detail  when  we  arrive  at  that  stage  of  its  existence. 

The  ANTBNNiB  (antenncB,  f^  f)  are  placed  near  the  mouth,  at  the 
base  of  the  mandibles  and  maxillae.  In  larvae  they  consist  of  but  few, 
generally  but  three  joints,  or  short  narrow  corneous  cylinders,  united 
together  by  a  delicate  skin.  They  are  always  of  a  bristly  or  filiform 
shape,  even  when  the  antennae  of  the  perfect  insect  are  very  dififerently 
constructed ;  for  in  caterpillars  they  present  themselves  as  very  short 
conical  processes,  while  in  the  butterflies,  which  proceed  from  them, 
the  antennae  are  very  long,  and  many-jointed. 
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Many  lanras  are  destitute  of  eyes,  namely,  all  maggots  with  an 
underdoped  bead,  as  well  as  many  larvae  with  a  distinct  corneous 
head-pkte.  The  eyes  of  larvs  are  always  simple,  and  perfectly  agree 
in  form  with  those  eyes  of  the  perfect  insect,  with  which  we  shall 
become  acquainted  as  ocellu  They  are  also  placed  in  the  vicinity  of 
the  mouth,  close  behind  the  antennse  (g,  g);  they  vary  in  number 
from  one  to  six  on  each  side ;  but  the  caterpillars  of  butterflies  appear 
invariably  to  possess  the  latter  number. 

i  54. 
These,  as  well  as  the  larvae  of  the  saw-flies  (Tenlhredonodea  and 
Urocerata,^  and  those  of  the  May-flies  (^Phryganeodea),  possess, 
attached  to  their  maxillas,  a  peculiar  organ,  which  Kirby  and  Spence 
very  aptly  call  a  bpinnebet  (fusulus,  PI.  II.  f.  14),  which  is  of  great 
importance  to  them  for  the  preparation  of  their  cocoon.  It  originates 
from  the  anterior  portion  of  the  labium,  and  is  a  slight  tube,  obliquely 
truncated  at  its  apex,  and  composed  of  several  alternately  corneous  and 
membranous  slips.  It  is  through  tliis  tube  that  the  clammy  liquid 
puses,  which  has  been  secreted  by  two  glandular  organs  for  the  pre- 
paration of  the  silk,  and  which  can  be  spun  into  thicker  or  thinner 
filaments  at  the  will  of  the  caterpillar,  by  the  power  it  possesses 
of  distending  or  contracting  the  cavity  of  the  tube.  The  larvae  of 
some  CoUopiera  and  Diciyoloptera,  which  also  spin  cocoons,  do  not, 
bowever,  possess  this  organ ;  but  the  silk  is  produced  by  an  apparatus 
at  the  anus:  a  very  different  construction  must  consequently  obtain 
in  them. 

^  55. 
The  head  is  immediately  succeeded  by  three  segments,  which  ulti- 
mately, in  the  perfect  insect,  form  the  thorax.  They  are  recognised  in 
many  krvae  by  the  short,  corneous,  articulated  and  conical  feet,  which 
are  observed  only  upon  these  segments.  In  general  they  are  con- 
stmcted  like  the  rest ;  but  in  the  larvae  of  many  CoUopiera,  particularly 
of  the  superior  families,  they  are  distinguished  by  a  peculiar  conforma- 
tion ;  their  exterior  integument  is  corneous,  like  that  of  the  head,  whilst 
that  of  the  abdomen  is  enclosed  by  a  soft  skin.  Among  the  case  or 
caddis-worms  also  {Phycls,  Phiyganea),  which,  as  larvae,  dwell  in  a 
case  made  by  themselves  of  sand  and  bits  of  stick,  and  wherein  also 
thej  transform  themselves  into  pupa,  a  similar  construction  is  percep- 
tible (pi.  III.  f.  I). 

§  56. 

•  The. LEGS  (pedes)  of  laryae  take  a  diflferent  form,  according  to  their 
position. 
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The  true  lbos,  thoracic  lbos  (pedes  merely^  or  pedes  vert,  PI.  II. 
f«  17)i  are  affixed  to  the  three  first  segments  of  the  abdomen,  and  con-< 
Hist  of  several  joints,  like  those  of  the  perfect  insect.  Each  of  these 
joints  is  inclosed  in  its  peculiar  corneous  cylinder ;  and  it  is  only  where 
these  joints  are  connected,  that  a  flexible  membrane  completes  their 
union.  By  means  of  this  arrangement  we  are  enabled  distinctly  to 
recognise  the  joints  analogous  to  those  of  the  perfisot  insect,  so  that  the 
leg  of  a  caterpillar  may  be  considered,  as  truly  as  that  of  the  butterfly, 
to  consist  of  the  hip  (cojra),  trochanter  (trochanter),  thigh  (Jemnr'), 
shank  (tibia),  and  foot  (tarsus).  It  is,  indeed,  true  that  these  joints, 
particularly  in  caterpillars,  follow  so  closely  upon  each  other,  from  their 
shortness,  that  the  whole  leg  has  the  appearance  of  a  small  conical 
process ;  but  in  many  other  orders,  for  example,  in  the  larvae  of  the 
Carabodea,  the  individual  joints  closely  approach  in  form  to  those  of 
the  perfect  beetle. 

In  general,  all  larvee  provided  with  legs  possess  the  true  legs,  or 
thoracic  legs;  indeed,  in  most  of  the  larvie  of  the  Coleoptera  and 
Dictifotoptera,  these  alone  are  to  be  found. 

The  VENTRAL  and  anal  legs,  or  pboleos  (propedes,  pedes  spurii, 
PL  II.  f.  18),  are  short,  thick,  muscular,  unarticulated  processes  upon 
the  ventral  and  anal  segments  of  many  larvse;  they  are  exclusively 
peculiar  to  this  second  stage  of  existence,  and  entirely  disappear  upon 
its  transition  to  the  pupa  state.  In  form,  they  are  sometimes  short 
cones,  with  an  obtuse  apex ;  sometimes  longer  thin  pedicles,  distended 
at  their  extremity  into  a  fiat  bole  (plania) ;  sometimes  indistinct,  very 
moveable  knobs  or  tubercles,  which  are  protruded  or  withdrawn  at  the 
will  of  the  larva.  In  theae  cases,  the  sole  is  very  generally  either  half 
or  entirely  surrounded  by  a  double  or  single  row  of  short  claws,  or 
crotchets,  by  the  aid  of  which  the  caterpillar  is  enabled  to  attach  itself 
firmly  in  climbing ;  the  tubercles,  on  the  contrary,  are  mostly  unpro- 
vided with  them ;  and,  indeed,  many  of  the  prolegs  of  the  first  adduced 
form  do  not  possess  these  claws.  In  many,  particularly  those  whose 
sole  is  much  distended,  it  is  clapper-shaped,  that  is  to  say,  composed 
of  an  exterior  and  interior  flap,  which  move  in  opposition  to  each 
other  like  a  pair  of  tongs,  and  thus  form  a  daw.  Kirby  and  Spenoe 
have  constructed  a  tabular  division  of  larvae  from  these  diflerenoes^ 
which  we  shall  here  introduce  for  the  purpose  of  giving  a  general  view 
of  them. 

I.  Larvse  without  feet. 

1.  With  a  membranaoeous  head  of  indeterminate  shape  (Dip* 
tera,  PI.  II.  f.  1 ). 
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2.  With  a  oorneoiu  head  of  determinate  shape,   (many  Coleom 
piera,  the  Rhynckophora^  many  Hgmenoplera,  CuUcina, 
Tipularia),  PI.  II.  f.  3. 
II.  Larrse  with  feet. 

1.  With  1^  only,  and  with  or  without  an  anal  proleg. 

a.  Joints  short  and  conical  {Elaterodea,  Cerambyctna), 

PI.  II.  f .  4. 

b.  Joints   longer    (Cicindelaceay   Carabodea,  Hydrocan^ 

tkarides,  Brachypiera,  LamelUcomia,  Coedndlacea, 
Neuroptera),  PI.  11.  f.  6. 

2.  Prolegs  only  {Tipularia,  and  other  Diptera,  (Ecophora)^ 

PI.  II.  f.  2. 

3.  Both  legs  and  prolegs  {Lepidoptera,  Tenihredom>dea). 

a.  Without  ckwB  (^Ttuthredonodea),  PL  II.  f.  5  and  J. 

6.  With  daws  (Lepidopiera),  PL  II.  f.  9  and  11*. 
PralegBy  in  some  instances,  occur  upon  all  the  s^ments  of  the 
abdomen,  and  even  upon  the  thoracic  segments  there  are  found  legs 
resembling  the  prolegs  in  form,  in  those  cases  where  true  thoracic  legs 
are  wanting  (Rhynchophora) .  But  in  the  majority  of  cases,  the  first 
abdominal  s^ment,  or  fourth  s^ment  of  the  body,  has  no  prolegs, 
bat  they  are  sometimes  observable  upon  this  segment  {(Ecophora 

*  Bnnadttcr,  in  tbis  table,  does  not  esnctlj  ibUow  that  given  in  tlie  Introduction  to 
Eatonolggj,  toI.  iii.  p.  144.  Bat  why,  after  quoting  it  as  that  of  Kirby  and  Spence,  he 
ibooU  make  alterationi  in  it,  it  ii  difficult  to  flay,  particularly  as  these  alterations  are  not 
miterisl.  But  he  refers  to  the  German  translation  of  their  work ;  and,  from  not  knowing 
tlttt  baokf  I  am  unable  to  determine  how  ftr  it  was  the  cause  of  the  difiisienoe  :  but,  to  do 
jsrties  to  these  authors,  I  give  the  table  in  their  own  words  :— 
I.  Lsme  without  legs. 

L  With  a  corneous  head  of  detenninate  shape  (coleopterous  and  hymenopterous 

Apod^-^Culieidm^  wmeTiptUaria^  &c.  amongst  the  Diptera), 
L  With  a  membranaceous  head  of  indeterminate  shape  (Mtueidm,  SffrpkldWf 
and  other  Diptera). 
n.  Lsrw  with  legs. 

L  With  legs^mly,  and  with  or  without  an  anal  prolog  {N^euraptera,  and  many 
CoUapiera), 

1.  Joints  short  and  conical  (Elaier^  Cgrambffcidm^  &c), 

2.  JoinU  long  and  subEliform  (Staphylintu,  Coceinetta,  Cieindela,  8k.). 

a  Prolegs  only  (many  TipubMrUB^  and  some  subcutaneous  lepidopterous   lsrv», 

si.  Both  legs  and  prolegs  (LepidopierOy  Serrifera,  and  some  Cohopiera). 

1.  Without  claws  {Senr\fera,  Ac.). 

2.  With  daws  {LepidopUrOy  &e.) Tn. 
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Rdjella*),  and. in  the  rat^tailed  maggot  (the  larva  of  ErUlalis  tenax)^ 
which  has  no  thoracic  legs,  but  only  prologs  upon  the  s^ments  of  its 
body.  The  following  table  presents  an  arrangement  of  larvae,  grouped 
according  to  the  position  of  their  prolegs. 

1.  Prolegs  upon  all  the  segments  of  the  abdomen  except  the  first 
(eight  pairs). 

The  genus  Cimbex,  PL  II.  f.7. 
>    2.  Prolegs  upon  all  the  ventral  s^ments,  excepting  the  first  and 
penultimate  (seven  pairs). 

The  genus  Tenthredo, 

3.  Prolegs  are  wanting  upon  the  first,  antepenultimate,  and  penul- 
timate s^ments  (six  pairs). 

The  genus  Hyloloma,  PI.  II.  f.  5. 

4.  Prolegs  upon  the  anal  and  four  ventral  segments,  viz.  the  sixth, 
seventh,  eighth,  and  ninth,  PI.  II.  f.9. 

'  The  majority  of  caterpillars,  namely  all  the  hawk  moths  (SpAing- 
odea),  butterflies  (Papilionacea)^  bombyoes  (Bombt^codea),  as  well 
as  the  majority  of  owlets  {Noctuacea). 

5.  Prol^  upon  the  anal,  and  three  ventral  s^ments,  viz. 
a.  The  sixth,  seventh,  and  eighth. 

The  caterpillars  of  many  owlets, 
i.  Upon  the  seventh,  eighth,  and  ninth. 

Many  caterpillars  of  the  Pifralodea,  Hypenarostralis, 

6.  Prolegs  upon  the  anal  and  two  ventral  segments  {Larva 
geomelriformes),  PI.  II.  f.  10. 

The  genera  Plusia,  Ophuisa,  Aconiia,  Melrocampus,  Lat. ; 
EUopia,  Tr. 

J.  Prolegs  upon  the  anal,  and  one  ventral  segment  (the  last  but 
three),  LarvcB  getmelra,  PI.  II.  f.  II. 

The  majority  of  the  PhaUsnodea, 

8.  Prolegs  upon  the  anal  segment  only. 

Some  moths  (Tineodea)^  the  genus  Lifda,  and  many  coleopterous 
larvfle. 

9.  No  prolegs  upon  the  anal  segment,  but  upon  four  of  the  ventral 
segments  (the  seventh  to  the  ninth),  PL  II.  f.  12 1. 

The  larvaB  of  many  moths  (for  ex.  Harpya,  Plaiypietyx). 

•  Natnrfonch.  St.  IV.  p.  37,  &c. 

't'  This  ifl  a  rimilar  trrangement  to  that  of  B«aumiir,  ia  his  lecond  Memoir  in  the  fiiBt 
yolume,  only  ftomewlutt  modified  and  eQlaiged...-Tii. 
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Besides  theae^  the  larva*  of  several  Diptera  have  been  described  by 
different  writers^  as  having,  some,  prolegs  upon  all  their  s^ments, 
sitid  others  only  upon  their  first  and  last.  Much  irr^ularity  appears  to 
prerail  in  this  Order  with  respect  to  the  feet  of  the  larvs,  which 
is  dearly  evinced  from  the  descriptions  of  those  of  the  different 
&milies  of  the  Order.  The  preceding  sketch  of  their  distribution 
most,  consequently,  suffice  for  the  present,  until  we  proceed  to 
tLdr  detailed  description.  A  precise,  and,  at  the  same  time,  natural 
division  of  them,  is  scarcely  possible,  from  their  multitudinous  differ- 
ences; but  what  we  have  remarked  above,  we  hope  will  serve,  in 
tome  measure,  as  a  guide. 

§57. 

We  now  proceed  to  the  consideration  of  what  still  remains  to  be 
observed  upon  the  construction  of  the  body  of  the  larvie. 

It  has  already  been  remarked,  that  it  properly  consasts  of  twelve 
tegmenta,  which  are  separated  from  each  other  by  slight  constrictions. 
Beyond  this,  there  are  but  few  generalities  to  notice  in  it.  For  the 
most  part,  each  of  the  segments,  with  the  exception  of  the  second,  third, 
and  ]ast,  has,  on  each  side,  a  small  longitudinal  aperture,  which  is 
sunroonded  by  a  broad  callous  margin,  and  is  called  spibaclb,  or 
STIGHA  (spiracula,  stigma),  and  by  means  of  it  the  air  is  accessible  to 
the  respiratory  organs  distributed  throughout  the  body.  Many  of.  the 
Isnre  which  live  in  water,  have,  instead  of  spiracles,  membranous 
laminae,  or  plates,  throughout  which  the  trachea,  or  aib  tubes,  are 
distributed,  and  which  thus  supply  the  function  of  gills,  and  may, 
therefore,  be  very  properly  called  gill  plates  (hranchicB, — airiductus, 
of  Kirby  and  Spence).  They  are  distinctly  observable  in  the  larvae 
of  many  May-flies  (Ephemera  Phryganea).  A  similar  respiratory 
apparatus  is  observable  in  the  larvse  of  many  Diptera,  although  seated 
at  a  different  part.  Some  bear,  like  the  larva  of  Stratiomys  and  gnats 
{Culeje),  a  coronet  of  a  plumose  form  at  their  anus,  by  means  of  which 
they  more  easily  sustain  themselves  at  the  surface  of  the  water.  In  the 
middle  of  this  coronet,  or  close  to  very  similar  appendages,  are  found 
the  orifices  of  the  traohe®  (compare  the  larva  of  Dyiiscus)  ;  in  others 
{Eristalis,  Pl..II.f.8)  a  pair  of  thin  tracheae  run  paraUely  the  whole 
length  of  the  body,  and  their  orifice  remains  at  the  8urfieu;e  of  the 
water,  while  the  larvse  themselves  repose  at  the  bottom  of  the  puddles 
and  pools. 
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§  58. 

Different  from  these  peculiar  appendages,  which  we  may 
consistently  consider  as  particular,  organs,  is  the  spinose  and  hairy 
clothing  of  the  majority  of  caterpillars.  We  may,  indeed,  admit 
that  the  majority  of  larvae  are  quite  naked;  but  this  asserticm 
does  not  admit  of  extension  to  the  order  of  the  Lepidoplera,  for  very 
many  caterpillars  move  about  enveloped  in  fur.  The  spinosb  cater* 
pillars  (Jtarv€e  aaileatos),  are  almost  peculiar  to  the  butterflies  (PapU 
lionacea),  but  the  larvae  also  of  the  tortoise  beetles  {Caasida),  are 
armed  nearly  all  over  with  longer  or  shorter  spines,  but  particularly 
so  upon  the  abdomen.  In  some  we  observe,  upon  each  segment,  four, 
five,  six,  seven,  or  eight  simple,  and  indeed,  not#unfrequently,  branched 
spines  {Vanessa  poljfchhros),  which  gives  the  creature  a  wild  and 
forbidding  appearance,  and  which  may  contribute  much  to  the  fear 
with  which  the  common  man  in  general  views  these  innocent  and 
harmless  caterpillars.  Much  more  terror  is  frequently  evinced  at  the 
indeed  larger,  but  quite  naked  caterpillars,  of  the  hawk  moths,  which 
are  furnished,  upon  their  last  segment,  with  a  straight  or  bent  horn 
{Sphingodea,  larvcB  contuiai),  of  which  it  is  fabled  that  it  supplies 
the  place  of  a  poisonous  and  severely  wounding  sting.  A  few  have, 
instead  of  this,  a  furcate  process  (Harpya,  Ochs,  Cerura),  the  branches 
of  which  are  pierced,  so  that  the  caterpillar  possesses  the  faculty 
of  protruding  slender  threads  through  these  tubes,  for  the  purpose,  as 
is  supposed,  of  scaring  inimical  ichneumons  {Larvtsjurcifera),  But, 
with  respect  to  their  powers  of  injury,  greater  attention  is  claimed  by 
the  HIR8UTB  GATBRPILLAR8  (LarvtB  ursifio),  which  are  completely 
clothed  with  long  hairs  and  bristles,  and  which,  from  their  stiffness 
and  sharp  points,  will  often  cause  an  unpleasant  inflammation  upon  a 
delicate  skin ;  for,  when  rudely  seized,  the  handling  will  cause  it  to 
lose  its  dense  hair,  which,  by  piercing  the  skin,  causes  an  itehing 
sensation,  that  induces  the  wounded  person  to  rub  the  spot,  and 
thereby  produces  a  swelling. 

To  go  into  greater  deteil  upon  the  forms  of  larvae,  appears 
unnecessary,  as,  in  the  natural  history  of  each  Order,  a  characteristic 
arrangement  of  their  larvn  will  be  at  the  same  time  given,  and  to 
which  we  therefore  refer. 
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III.— The  Pupa  State. 
i  59. 
We  bave  now  arrived  at  the  third  and  last  stage  of  development, 

vis.,  the  PUPA  8TATB. 

The  papae  of  insects,  with  an  incomplete  metamorphosis,  perfectly 
agree  with  their  lanrte  in  form  and  structure ;  but  those  whose  imago 
k  provided  with  wings,  have,  at  this  period  of  their  existence,  the 
nidiments  of  these  oigans,  as  an  evident  mark  of  distinction.  They 
nj ,  aeeordingly,  be  distributed  into  two  divisions— 

1.  Pupae  ^tlioat  alaij  appendages,  which,  according  to  the  Fabridan 
definition  of  the  metamorphoses,  must  be  called  oovplbts  pupa,  bat 
which,  according  to  us,  are  necessarily  incomplete  pupae.  To  these 
belong  the  lice  (Pediculus),  the  bed  bugs  {Cimejp  lectularius),  many 
species  of  the  genus  Phasma  *,  and  some  other  wingless  Hemiptera 
and  Orikopiera, 

2.  Pupae  with  the  rudiments  of  wings,  according  to  the  former 
definition,  Sefni' complete  Pupte,  but  by  us  they  are  called  Sub" 
ineompUU.  These  comprise  all  the  pupae  of  the  winged  genera  of  the 
Qrdera,  Hemiptera,  Dicti^optera,  and  Orthopiera* 

Lamarck  calls  nympluB  all  pupae  with  an  incomplete  metamorphosis* 

§  60. 

In  insects  with  a  complete  metamorphosis,  the  pupa  state  is  a 
Tory  peculiar  and  characteristic  period  of  their  existence.  Exteriorly 
a  perfect  stamd-still  appears  in  the  process  of  development,  for  the 
papa,  in  the  majority  of  cases,  is  quiescent,  and  does  not  take  the 
least  nourishment  to  itself;  but,  internally,  the  greater  changes  are  in 
progress.  In  a  subsequent  division  of  this  work,  we  shall  treat  in 
detail  of  these  changes,  for  we  must  restrict  ourselves  here  to  the  con- 
sideration of  the  exterior  form  alone  of  these  pupae.  We  divide  them 
into  the  two  following  groups. 


*  Or  nilier  of  the  ikmilf  Phasmdm,  They  are  all  contained  in  the  sab-familj 
^ftiropkatwMM,  which  compriieii  tweWe  genera  in  Mr.  G.  R.  6ny*B  valuable  **  STnopais 
^  ^  Spedca  of  Iniects  belonging  to  the  family  of  Phaamidas,**  jast  publiahed  by  Longman 
md  Co^  and  to  which  we  call  the  attention  of  Entomologiata,  as  containing  an  elaborate 
of  all  the  known  ipecies  of  this  lingular  and  interesting  tribe.— Tn. 
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I.  PupfiB  which  freely  lie,  hang,  or  are  in  any  way  fastened  or 
attached  in  their  particular  element,  nakbd  pupa  (PupiB  nudai). 
This  mode  of  change  is  not  particular  to  any  individual  Order,  but  it 
occurs,  as  well  as  the  following,  throughout  all  the  Orders. 

II.  Pups  which  repose  in  cases  artificially  prepared  by  the  larvae ; 
INCASED  PUP£  (PuptB  folUculatcB) y  which  case  is  called  cocoon 
{incunahulum,  folliculus) . 

But  these  differences  do  not  at  all  apply  to  the  shape  of  the  pupa 
itself.     The  following  are  the  terms  thence  given  by  former  writers. 

CoARCTATB  and  oBTECTRD  pupss  {PupcB  ohtect{B,  conrctalo),  are 
those  which  are  inclosed  in  a  firm,  ^g-shaped,  corneus  case,  and  which 
do  not  in  the  least  indicate  the  parts  of  the  perfect  insect  (PI.  II.  f.  21 ). 
This  transformation  is  peculiar  to  many  famiUes  of  flies  (Syrphodea, 
(Estracea,  Muscaria).  The  surrounding  case  is  the  dried  skin  of  the 
larva,  and,  strictly  considered,  it  is  analogous  to  the  cases  of  many 
insects  with  a  pupa  Jblliculata — ^for  the  true  pupa,  with  its  clearly 
distinguishable  limbs,  lies  inclosed  beneath  this  case.  This  kind  of 
pupa  is  probably  peculiar  to  all  such  insects  whose  larvae  do  not  moult. 

Masked  pupa  (pupa  larvata),  are  those  whose  general  inclosure 
is  likewise  a  horny  case,  but  upon  which  the  different  parts  of  the 
future  insect  are  traced  in  lines  (PI.  II.  f.  19).  Lamarck  calls  both  these 
kinds  of  pupae  chrysalis,  the  former  ckry.  dolioloides,  the  latter  chry. 
signata  {Lepidoptera,  many  Diptera). 

ExARATB  or  sculptured  pupae  (pupa  exaratce),  are  such  in  which 
the  limbs  of  the  perfect  insect  are  observed  to  lie  free,  although  still 
closely  attached  to  the  body  (PI.  II.  f.  24).  These  Lamarck  calls  mumia, 
and  particularly  mumia  coarctaia  (Coleoptera,  Hymenoptera),  whilst 
the  pupae  of  the  Phryganea,  which,  in  the  last  stage  of  their  pupa 
existence  possess  some  degree  of  motion,  he  calls  mumios  pseudo^ 
nymph<B. 

A  naked  pupa  is  called  subterraneous  {pupa  subterranea), 
when,  during  this  period  of  its  life,  it  lies  buried  in  damp  earth. 
But  if  it  hangs  perpendicularly  with  its  head  downwards,  as  in  many 
butterflies  (ffipparchia  Egeria)^  PI,  II.  f.  20,  it  is  called  an  adherent 
pupa  (^pupa  ad?ueren$),  but  if  placed  upright  against  a  vertical  object, 
and  supported  by  a  delicate  filament  passed  transversely  across  its 
thorax  (PI.  II.  f  26),  it  is  called  a  bound  piipa.  This  kind  is  also  only 
found  among  the  butterflies  (Pontia  CratcBgi),  An  incased  pupa, 
whose  cocoon  remains  partially  open  (Saturnia,  Phryganea),  is  usually 
caUed  a  guarded  pupa  f  pupa  custodiata). 
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§    61. 

With  respect  to  the  constmction  of  the  body  of  the  pupa,  we  find 
miicb  more  distinctly  in  it,  than  in  that  of  the  larva,  the  indication  of 
the  division  of  the  body  into  three  chief  parts,  the  head,  thorax  and 
abdomen.  This  division  of  the  body  is  shown  by  a  constriction  in  the 
papa  case,  as  we  observed,  also,  to  be  in  the  larva.  If  we,  with  Kirby 
and  Spence,  perhaps  not  quite  appropriately,  call  this  exterior  sheath 
the  CASS  (^theca)  of  the  pupa,  we  may  then  divide  it  into  the  following 
parts,  from  its  now  more  distinctly  apparent  exterior  <H'gans. 

Hbad-case  {cephaloiheca)  is  the  anterior  hemispherical  division, 
whidi  incloses  the  head  of  the  future  perfect  insect.  In  it  we  must  again 
distii^nish  the  ete-case  (opthdlmotheca),  the  mouth-case  {stomas 
i&Oieca),  which,  in  the  Coleoptera,  incloses  the  mandibles  and  palpi ; 
or,  as  in  many  Lepidoptera,  covers  the  protruding  proboscis  ;  and,  in 
this  latter  case,  is  called  by  Kirby  and  Spence  tongub-case  {ghtso* 
theca).  In  front  of  the  mouth-case  lie  the  leg- cases  {podotheca), 
inclined  towards  each  other  at  acute  angles ;  very  near  to  them,  but 
directed  outwards  towards  the  back,  the  either  long,  pointed,  or  shorter 
thicker  antenna  cases  (Ceratothecte)*.  Next  to  the  head-case 
follows  the  TRUNK-CA1SE  (thoracotheca, — cytotheca  of  Kirby  and 
Spence),  which  is  covered  below  by  the  wing-cases  (^pterothecai),  which 
originating  at  its  sides,  embrace  it  in  the  direction  of  the  abdomen.  The 
form  of  the  trunk-case  is  influenced  by  the  different  conformations' 
of  the  thorax  in  the  several  orders,  so  that  the  three  segments  of  the 
thorax  are  sometimes  more  distinctly  discriminated;  and,  when  so 
we  may  apply  the  terms  prothoracic-case  (^prothoracotheca)^ 
vksothoracic«case  (mesothortKoiheca),  and  metathoracic-case 
(metoAaracoiheca),  {Coleoptera  and  Hymenoptera) ;  but  sometimes, 
from  the  preponderating  size  of  the  middle  portion^  we  observe  all 
the  three  divisions  unite  in  one  {Diptera^  Lepidoptera).  Immedi- 
ately upon  the  trunk-case  follows  the  abdomen -case  {gasterotheca), 
which  consists  of  nine  (more  or  less)  distinctly  separated  segments; 
and  at  its  apex  we  observe  the  future  anal  orifice  indicated ;  and  on 
both  sides  of  each  s^;ment  the  easily  recognisable  spiracles  (stignue, 
tpiraeuUe)  are  perceptible. 

The  apex  of  the  last  segment  (apes  abdominisy — cremaeter  of  Kirby 
and  Spence)  it  is  still  important  to  notice,  from  its  truly  innumerable 
diiTerences.     Very  generally  it  terminates  in  a  conical,  either  acute  or 

*  N«t  Ceratheemf  locording  to  Kirby  and  Sponce. . 
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obtuse  process  {Sph.  ligustri),  or  there  are  two  close  tc^ether  {Noct 
amethystind)y  which  sometimes^  as  in  Hydroph-picetu,  Noct  lucipara, 
hang  dc^wnwards  as  long  bent  hooks.  Sometimes  we  observe  many 
little  crotchets  or  points ;  and,  also,  as  in  Harpya  Fagi,  an  indented 
pectinated  process  (P.  II.  f.  25,  and  other  forms  in  f.  22  and  23). 

If  the  abdomen  terminate  in  a  protruding  ovipositor  (^Sirex^  Pimpla^ 
Cryptus),  this,  also,  has  its  peculiar  case  (acidotheca) ;  which,  when 
the  ovipositor  is  short,  stands  forth  free  (^Sirex);  but  when  much 
longer,  as  in  Pimpla,  it  is  turned  round  upon  the  venter,  or  the  back 
of  tlie  pupa. 

§  62. 

The  superficies  of  pupas  is  still  more  generally  naked  than  that  of 
larvfB.  But  few  instances  have  been  hitherto  observed,  in  which  they 
are  covered  with  isolated  bristles  (^Bydroph,  piceus),  or  fasciculate 
(several  JBombyceSy  for  example,  Orgyia  pudibunda,  Pyg^ra  buce- 
phala*),  or  covered  with  wreaths  of  hair.  The  processes,  and  angular 
or  produced  parts  of  the  pupa  itself,  which  arise  from  the  form  of  the 
included  insect,  must  be  clearly  distinguished  from  such  clothing.  With 
these  processes  may  be  classed  the  already  described  apical  spines,  and 
the  also  before  indicated  protruding  proboscis  of  many  Lepidaptera 
(gloisotheca).  In  the  hawk  moths  {Sphinx  Canvolvulif  Liguah'i),  it 
presents  itself  in  an  obtuse  dub,  bent  towards  the  body  between  the 
two  first  pair  of  1^;  in  the  owlets  {Cucullia  Tanaceti,  Phuia  am* 
Monay  and  others  of  these  genera),  it  protrudes  as  a  clavate  process 
beyond  the  legs,  and  then  lies  free  opposite  the  first  ventral  segments 
of  the  abdomen.  The  tracheie,  also,  of  many  dipterous  pupae  which 
live  in  water,  for  example,  of  the  gnats  (Culex),  in  which  they  project 
from  the  sides  of  the  thorax  as  two  clavate  processes,  well  deserve  to  be 
mentioned  here. 

Shorter  processes,  such  as  spines  and  wrinkles,  arise  from  several 
portions  of  the  body  of  the  pupa,  and  exclusively  belong  to  its  case. 
Thus  the  pupa  of  the  stag-beetle  (Lucanus  cervwi)  hasj  upon  the  sides 
of  its  first  abdominal  segment,  several  spines  united  in  a  bundle, 
resembling  those  of  the  Hydroph.  piceuSf  in  front  of  its  thorax,  or  the 
pupa  of  an  Aailus,  figured  by  De  Geer,  with  spines  upon  its  head,  and 
abdominal  segments  f .    The  pupa  of  the  goat  moth  (  Co$8u$  ligniperda) 

*  Bunneister  has  eTidently  made  a  mistake  here ;  for  the  pupa  of  Pffffera  bueephaia 
is  perfectly  smooth  The  pupa  <iiLeueoma  SaikU  would  have  been  a  better  example.— Ta. 

t  Memoirs,  76,  pi.  14,  fig.  8. 
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has,  apon  the  fddes  of  each  abdominal  segment,  a  row  of  slight  crotchets, 
as  have,  also,  many  other  lepidopterous  pupae ;  in  many  they  [freseut 
themselTCs  as  elevated,  somewhat  notched,  or  indented  stripes  (admi- 
nieula  of  Kirby  and  Spence). 

§  63. 
Many  pupae  have  other  protuberances,  which,  from  their  shortness  and 
thickness,  can  neither  be  considered  as  processes  nor  as  spines,  but  are 
merely  prominent  angles,  which  equally  proceed  from  the  form  of  the 
inclosed  insect,  and  are  exclusively  peculiar  to  the  pupae  of  some  Lepi^ 
doptera,  smdDtptera.  These  forms  are  found  only  among  the  butter- 
flies of  the  former  order ;  of  which  they  are,  however,  the  characteristics 
of  the  majority.  In  general,  two  conical  processes  rise  in  front  of  the 
eyes ;  these  appear  to  enclose  the  palpi  of  the  butterfly,  and  are  then 
called  PAiiPi-cASEs  (pselaphotheca)  ;  then  the  trunk-case  expands  in 
several  lateral  angles ;  but  chief  of  all  is  the  process  upon  the  back,  in 
the  form  of  a  long  pyramid,  or  resembling  a  man's  nose,  so  much  so, 
that  a  pupa  of  this  description,  upon  the  first  glimpse  of  it,  looks  like  a 
human  face,  particularly  when,  as  is  often  tlie  case,  there  are  dark 
spots  within  the  impressions  above  the  pyramid,  whidi,  consequently, 
have  all  the  appearance  of  eyes.  Pupee,  thus  formed,  are  called  angular 
(p*  angulares);  the  rest,  in  contradistinction,  are  styled  conical 

(p.  COfltC^}. 

§  64. 

Before  we  conclude  our  consideration  of  the  pupae,  we  will  add  a 
few  words  upon  their  different  colours. 

All  pupie  which  are  placed  in  shady,  dark  situations ;  for  example, 
in  the  earth,  or  in  ^vater,  or  in  perfectly  obscure  dwellings  (as  the 
obtected  pupae)  are  of  a  yellowish  white,  but  which  become  daricer 
upon  exposure  to  the  light ;  the  rest,  particularly  the  pupae  of  the 
Qoctumal  and  ^puscular  Lepidoptera,  and  of  the  minute  moths,  &c. 
are  of  a  bright  brown  when  their  place  of  concealment  is  within  the 
earth,  but  they  are  darker  when  they  are  inclosed  m  transparent  weba^ 
The  majority  of  the  pupae  of  the  diurnal  Lepidoptera  have  a  greenish, 
or  yellowish  grey  brown  colour,  many  are  speckled  (Pontia  CrcUagi), 
others  have  laige  spots  of  tt  glittering  gold  colour  upon  the  thorax  and 
abdomen^  and  they  alone  thence  obtain  the  name  of  chryealU,  aurelia, 
which  names  have  been  applied  in  general,  but  chiefly  by  early  writers, 
to  the  pupae  of  all  the  butterflies. 
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IV. — The  Insect  in  its  pbbfect  State  (^Imago), 

§  65. 

An  insect^  when  it  quits  its  pupa  case^  is  called  perfect  (imago, 
insectum  declaratumy  perfectum)*  Upon  obsenring  it  more  closely^ 
we  immediately  detect  several  divisions  of  the  body^  which  have 
become  now  more  distinctly  separated  than  they  were  in  the  earlier 
stages  of  its  existence.  Henceforward  we  always  observe  three  chief 
divisions^  which  are  called  head  (caput),  thorax  (thorajc),  and 
A^noMBN  (abdomen).  We  will  now  take  tliese  parts  consecutively^ 
but  prievously  insert  an  observation  or  two  upon  the  name  of  these 
creatures. 

It  is  from  this  division  of  the  insect  body  that  the  various  names 
which  have  been  applied  by  naturalists  for  the  designation  of  the 
dass^  are  deduced.  Aristotle,  the  most  ancient  of  all,  called  insects 
"EvTOfiOy  which  word  is  derived  from  ivrifweivy  to  cut  in.  His 
name,  therefore,  very  evidently  refers  to  the  divided  body  of  these 
creatures.  The  Roman  writers  followed  the  example  of  this  great 
man,  and  called  our  favourites  Insecta,  derived  from  insecare,  which 
likewise  signifies,  to  cut  in.  This  name  was  adopted  by  all  authors,  and 
Linn6  introduced  it  among  the  systematic  names  of  animals,  whence  it 
has  passed  into  almost  all  the  living  languages.  The  Germans  have 
also  long  used  the  word,  insect ;  but  Oken,  latterly,  when  he  sketched 
his  German  nomenclature  for  all  natural  bodies,  called  insects  Kerfs ^  a 
word  which  has  doubtlessly  the  same  signification,  he  having  derived  it 
as  we  surmise,  we  conceive  correctly,  from  Kerhen,  to  notch,  or  indent. 
Other  German  writers,  as  Car  us,  Wagler,  Burmeister,  &c.  have  adopted 
Oken's  term,  as  having  in  fiact  the  great  merit  of  being  of  genuine 
German  extraction,  and  which  at  the  same  time  equally  well  preserves 
the  advantage  of  a  designation  expressive  of  the  predominant  character 
of  the  class.* 


*  We  retain  Uiit  latter  paragiapb,  which  baa  rather  a  German  than  an  English  interen> 
in  deference  to  the  opinion  of-  a  very  distinguished  man.  But  it  may  be  of  use,  from  the 
German  lai^iage  having  now  become  so  prevalent  and  important  a  study,  to  explain  a 
term  which  has  not  yet  found  its  way  into  the  dictionaries,  and  which,  possibly,  every 
writer  may  not  think  it  necessary  to  illustrate  when  employing  it.— -Tr. 
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I. — The  Head  (Caput)' 

§  66. 

The  Head*,  the  first  of  the  three  divisioDs  of  the  insect  body^ 
displays  considerable  variety  in  its  form.  In  general  it  approaches  to 
the  globose^  or  semi-globose,  and  is  surrounded  by  a  plain  corneous 
case,  and  contains  the  different 'organs  of  the  senses.  From  its  sim- 
plicity, it  is  evident  that  we  cannot  so  readily  distinguish  by  peculiar 
terms  particular  divisions  in  it,  as  we  can  certain  regions,  and  these 
mast  agree  with  the  analagous  portions  of  the  head  of  the  higher 
animals. 

With  respect  to  the  most  usual  forms  of  the  head,  modifications 
of  the  globose  seem  to  prevail,  with  the  occasional  predominance  of 
either  its  longitudinal  or  transverse  diameter.  Thence  proceed  the 
^g-shaped,  longitudinal,  obtuse-triangular,  heart-shaped  forms,  &c., 
which  we  meet  with  in  so  many  groups  of  insects.  It  is  very  fre- 
quently produced  into  notches  and  prominences  which  are  called  horns 
(eamua) ;  these  are  always  integral  portions  of  the  corneous  case,  and 
are  never  articulated  and  moveable. 


§  67. 

The  following  are  the  portions  of  the  head  most  usual  to  note. 

We  must  first  distinguish  the  true  skull  (cranium,  caiva  according 
to  others),  and  thence  proceed  to  the  generally  moveable  organs 
attached  to  it ;  it  therefore  comprises  the  whole  of  the  head,  excluding 
the  antenns,  eyes,  and  oral  apparatus.  If  we  wish  to  notice  the  upper 
part,  from  the  front  across  the  vertex  to  the  posterior  cavity,  we  call 
it  upper-head,  skull-cap  (calvay  epicraniumy  Straust),  PI.  III. 
f.  1 1,  A.  It  is  limited  in  front  by  the  cl yp£us  {chfpeus)y  called  lower 
FACE  (hyposioma,  in  the  Dipiera  by  Meigen  and  Bouch6,  the  epistomis 
of  Xiatreille),  or  that  portion  which  lies  above  the  organs  of  the  mouth ; 
it  is  bordered  laterally  by  the  sides  of  the  head,  and  extends  as  far  as 


*  In  explanation  of  our  occasionally  differing  from  other  writers  in  the  nomendatura 
of  the  parti  of  the  insect  hody,  we  refer  to  what  we  have  said  at  §  9,  IL  and  the  note. 

-f*  CoDsd^rationa  O^^ndes  sur  TAnatomie  compart  des  Animaux  articoles.  Par 
Hnc.  Stnua-Diirekheim.    Paris,  1828.     4to.  av.  10  fig.  (p.  <62,  &c). 
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the  eyes  (PI.  III.  f.  11^  c).  Kirby  and  Spence  call  this  part  the  nose 
(nasus),  and  distinguish  the  anterior  part  as  rhinarium,  and  the  more 
lateral  ones  as  post-nasus ;  certainly  without  foundation,  for  although 
many  naturalists  have  supposed  the  organs  of  smell  to  exist  here, 
none  have  yet  been  able  to  prove  they  do  so^  and  we  must  therefore 
decidedly  reject  a  name  founded  upon  such  a  supposition.  The  front^ 
FOREHEAD,  or  BROW  (Jrofi/),  is  that  portion  which  intervenes  between 
the  posterior  margin  of  the  clypeus  between  the  eyes,  to  where  the 
head  commences  to  be  flattened  above  (PI.  III.  f.  1 1,  b).  Nitzsch  distin^ 
guishes  that  portion  of  it  which  lies  between  the  eyes  as  middle  head 
(sinciput).  Vertex  (vertex)  is  the  upper  flattened  portion  of  the 
head  upon  which  very  generally  the  simple  eyes  or  ocelli  {ocelli)  are 
found  (PI.  III.  f.  11,  a).  In  many  insects,  particularly  Co/^opf^ra,  the 
vertex  is  not  apparent,  as  they  bear  their  head  withdrawn  into  the 
thorax.  Face  (fades)  is  the  anterior  portion  of  the  head  above  the 
mouth,  and  includes  the  clypeus,  the  front,  and  the  parts  bordering 
upon  the  eyes.  It  is  chiefly  from  the  front  and  the  vertex  that  the 
above-mentioned  prominences  originate,  called  horns  (cornua),  from 
their  frequently  not  inapt  resemblance  to  the  horns  of  the  ruminants. 
These  parts  are  often  covered  with  hair,  which  is  then  called  head 
hair  {capilli);  a  fringe  of  hair  seated  upon  the  clypeus,  over  the 
mouthy  is  called  whisker  (rnystajp)y  and  is  found  chiefly  among  the 
Dipiera  in  the  families  of  the  flies  of  prey  (Asilica)  and  the  true 
flies  (Muscaria). 

The  lower  part  of  the  head  is  divided  into  the  following  portions. 

The  oula  (gula,  PI.  III.  f.  12,  d),  or  throat  (Jugulutn)  extends^ 
according  to  Kirby  and  Spence,  from  the  anterior  portion,  where  the 
chin  (see  below,  §  68)  is  attached^  or  from  the  orifice  of  the  mouth  in 
general  to  the  commencement  of  the  neck>  and  comprises  consequently 
the  whole  middle  portion  of  the  lower  head,  and  which  Straus  calls, 
from  its  being  the  support  of  the  whole,  the  basal  part  {hasUaircy  pars 
hasalis).  In  many  of  the  Coleoptera^  for  example  in  Geotrupes  nasi- 
coimis,  it  is  produced  into  a  smooth  boss ;  in  other  instances  (  Carabus), 
this  part  is  sloped,  and  its  anterior  raised  margin,  to  which  the  chin  is 
attached,  is  swollen  into  a  thick  callosity  (PI.  III.  f.  12  and  13,  d,). 
When  it  assnmes  this  form,  some  entomologists  are  inclined  to  call  it, 
but  very  injudiciously  (consult  §  9,  ii.  and  note)  head-breast-bone 
(sternum  capitcUe).  Straus  correctly  considers  this  swelling  as 
belonging  to  the  basal  part^  and  which  he  calls  prebasal  part  (pre*- 
basilaire). 
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The  rides  of  the  head,  from  the  eyes  downwards  to  the  mouth,  are 
called  CHEEKS  (gena,  PL  III.  f.  14,  e),  particularly  when  they  consi* 
sidenhly  protrude,  as  in  some  of  the  Diptera  {M^opa).  We  again 
distinguish  in  them  the  anterior  portion,  extending  as  far  as  the 
srticuktion  of  the  mandibles  and  maxillae,  or  the  commencement  of 
the  mouth,  by  the  name  of  reins  or  lor  a  (lora,  PI.  III.  f.  13,  e),  and 
the  posterior  portion  lying  proximate  to  the  eyes,  as  the  temples 
(tempara,  PI.  III.  f.  13,  p). 

The  back  <if  the  head  around  the  commencement  of  the  neck  is  the 
OCCIPUT  (occiput,  PI.  III.  f.  12 — 14,  o).  In  many  instances,  chiefly 
among  the  Coleoptera  and  Orthoptera,  in  which  the  longitudinally 
funned  head  is  deeply  withdrawn  within  the  thorax,  this  portion  is  not 
at  all  visible,  but  it  is  prominently  perceptible  in  the  Diptera  and 
Hymenoptera,  which  carry  their  heads  free.  The  aperture  behind  the 
head,  through  which  the  internal  organs  are  continued,  is  called  the 
OCCIPITAL  FORAMEN  (foramen  occipitale)* 

In  many  Insects  the  commencement  of  the  neck  is  likewise  an  inte- 
gral pmrtion  of  the  head.  The  neck  (coUum)  is  that  part  which  unites 
the  head  with  the  thorax.  In  the  majority  it  is  merely  a  membranous 
tabe,  and  it  is  among  a  few  of  theColeoptera  only  (StaphafUmu,  Leptura) 
that  the  back  of  the  head  is  constructed  into  a  short  corneous  cylinder, 
to  which  the  membrane  of  the  neck  is  attached.  Some  entomologists 
call  this  part  the  collar  (collar e),  a  name  which  is  applied  by 
others  (for  example^  King,  Kirby  and  Spence,)  to  the  prothorax  of  the 
Hymenoptera, 

Thb  Mouth  (Oe). 
§  68. 

From  this  consideration  of  the  different  parts  of  the  head  we  pass  on 
to  the  investigation  of  the  several  organs  attached  to  it.  These  are  the 
parts  of  the  MOUTH,  the  ANTSNNae,  and  the  byes. 

The  ORAL  OROAKs,  or  parts  of  the  mouth  (partee  oris,  instrumenta 
tUwria,  tropki)  lie  at  the  anterior,  or  isferior  part  of  the  head,  and 
mTound  the  mouth  (as).  When  attached  to  a  long  corneous  and 
generally  cylindrical  prolongation  of  the  head,  this  part  is  called  the 
aaoat  or  rostrum  (rostrum)^  which,  however,  must  be  well  distin- 
guiahed  from  the  proboscidal  prolongation  of  the  oral  organs  them- 
>^Ives ;  the  rostrum  being  merely  a  continuation  of  the  corneous  cover* 
iiig  of  the  heady  and  not  a  distinct  organ. 

£  2 
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The  exact  description  and  knowledge  of  the  oral  organs  is  of  great 
importance  in  Systematic  Entomology,  as  these  parts  supply-  the  charac- 
ters of  many  genera,  and  not  rarely  of  entire  families :  we  must,  con- 
sequently, here  give  a  very  precise  definition  of  their  forms. 

In  the  first  place  we  must  distinguish  the  biting  organs  {instr,  cib. 
mordentia^  s,  libera)  from  the  sucking  ones  (instr.  cib,  suctoria)  ; 
and  the  former  are  also  specially  called  masticating  organs  (instr, 
masticandi) ;  these  stand  freely  heside  each  other,  and  display  much 
uniformity  in  their  structure  as  well  as  great  regularity  of  shape  *, 
whereby  they  announce  a  superior  degree  of  development,  so  much  so, 
that  insects  with  a  masticating  mouth,  notwithstanding  its  very 
similar  conformation,  take  the  precedence  of  those  with  suctorial  organs. 
The  latter  are  more  or  less  united  together,  and  assume  very  diflferent 
shapes  in  the  several  orders,  of  which  we  shall  particularly  treat  below- 

The  masticating  mouth  (as  found  in  the  Coleoptet^a^  Dictyotoptera^ 
Neuropteray  and  manjlfymenoptera)  consists  of  the  following  organs  :^- 

The  upper  lip,  labrum,  {Uibrum,  labium  superius,  PI.  III.  f.  11.  i), 
is  very  generally  of  the  form  of  a  segment  of  the  circle,  or  a  triangular, 
or  quadrangular,  somewhat  convex  corneous  plate,  which  is  united 
posteriorly  by  a  membranous  hinge  with  the  clypeus.  Fabriciusf 
originally  called  this  organ  clypeus,  in  which  he  was  followed  by  Illi- 
ger  t.  This  latter  writer  applied  the  name  of  labrum  to  the  narrow 
anterior  appendage  of  the  true  labrum,  which  is  very  seldom  present, 
but  is  found  in  some  of  the  Hymenoptera  i^Hylceus^),  and  is  called  by 
Kirby  and  Spence  the  appendicle  {appendicula). 

The  upper  jaws  or  mandibles  {mandibtdtB,  PI.  III.  f.  11 — 13.  o,  o), 
which  are  two  strong,  corneous,  somewhat  bent  hooks,  their  inner 
margin  being  more  or  less  dentate ;  and  which  articulate  with  the 
cheeks  at  their  broad  basis,  and  move  by  ginglymus,  opposed  to  each 
other  like  the  blades  of  scissors. 

The  under  jaws  or  maxilla  {maxiUa,  PL  III.  f.  12  and  13,  p,  p), 
are  also  a  pair  of  organs  which  in  many  respects  resemble  the  mandibles, 
although  smaller  and  more  delicately  constructed.  They  are  not  simple, 
but  distinctly  consist  of  four  pieces.     The  two  first  hang  attached  to 

*  See  what  Kiiby  and  Spence  tay  upon  their  Tarietj,  Introduction  to  Entomology, 
Tol.  iiL  p.  473 ;  what  Burmeistcr  sayt  above  must  be  taken  comparatively. — ^Tr. 
-)-  Philosoph.  Entom.,  p.  37.  %  Tenninologie,  p.  220. 

§  Bunneister  lays  it  is  the  genus  Hylatu,  without  indicating  that  he  means  of  Fabricius. 
I  know  it  only  in  the  females  of  the  genus  Halictutf  which  are  comprised  in  the  above 
genus  of  Fabricius.— -Ta. 


THE   HEAD.  53 

each  other  as  well  aa  to  the  head  and  labium  by  means  of  soft  liga- 
ments; the  lowest,  the  hinge,  (cardo,  PI.  III.  f.  16  and  17j  I>  1^  or 
the  base,  pars  hascUis; — according  to  Straus,  branche  transversale,) 
is  narrow,  thin  and  transverse,  and  articulates  with  the  throat,  forming 
a  right  angle  with  the  one  that  follows  it,  which  is  the  stalk  (stipes, 
piece  darscde  of  Straus,  2,  2  of  the  same  figure),  and  is  thicker,  stronger, 
and  larger,  and  above  somewhat  horny,  but  beneath  softer  and  mem- 
faranaceoos.  Closely  attached  to  this  is  the  third  piece,  which  is  a 
corneous  scale,  at  the  anterior  margin  of  which  the  palpus  is  inserted 
(thence  called  aquame  palpifere,  by  Straus),  and  which  forms  beneath 
the  case  or  covering  of  the  maxilla.  The  fourth  piece  (the  same  plate 
and  figure,  4, 4)  borders  upon  the  two  preceding,  and  is  completely 
homy,  hooked,  its  interior  margin  concave,  or,  as  well  as  the  stalk, 
oovered  with  short  stifiT  bristles.  It  is  called  the  maxillary  lobe 
(lobus  mcLJtiUcBy — iniermaxillaire  of  Straus),  from  its  more  generally 
taking  the  appearance  of  a  superior  appendage  of  the  stalk.  In  many 
insects,  particularly  the  Hymenoptera  and  coprophagous  Petalocera 
among  the  beetles  (for  example,  Copris,  Aphodius),  it  is  a  simple, 
variously  formed,  flat,  coriaceous  scale,  with  its  margin  beset  with  short 
hair;  in  others,  as  among  the  Capricorn  beetles  {Lamia,  Cerambyx), 
it  is  thicker,  and  more  solid  and  compact,  and  is  divided  into  a  harder, 
ixTERNAi«  {lobus  ifitemus),  and  more  membranaceous,  external 
LOBE  {lobus  extemus).  This  exterior  lobe  is  the  same  organ  which  in 
the  Orihoptera  covers  the  internal  lobe  like  a  cap,  and  then  takes  the 
name  of  helmet  (^a&o— PL  III.  f  17,  5  of  Cychrus,  PI.  ly.  f.  2,  5 
of  Copris).  In  many  insects  it  is  wanting ;  in  other  instances  it  occurs 
as  a  two-jointed  filiform  appendage,  and  this  is  then  the  second  internal 
maxillary  palpus,  as  already  lUiger  *  very  coiTectly  indicated.  It  is 
exactly  where  the  lobes  border  upon  the  stalk  that  the  maxillary  palpi 
are  also  inserted. 

The  underlip,  or  labium  (plainly  labium,  or  labium  inferius),  which 
is  that  organ  that  assists  to  close  the  orifice  of  the  mouth  from  below 
(PL  III.  f.  12  and  13,  q).  It  consists  of  two  chief  parts,  each  of  which 
may  be  considered  as  a  separate  organ  ; — these  are. 

The  CHIN  {menium,  PL  IV.  f.3  and  4,  a,  a),  a  thin,  sometimes  trian- 
gular, sometimes  of  the  shape  of  a  segment  of  a  circle,  or  trapezoidal 
corneous  plate,  deeply  emarginated  upon  its  anterior  side,  and  con- 
nected, like  the  upper  lip,  to  the  clypeus,  by  means  of  a  membrane, 

*  See  Kcfer  Preussens,  1  Yorredei  p.  zxxvi.  note  15. 
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with  the  margin  of  the  throat  (the'Sternum  capiiale  of  some  entomolo- 
gists)^ and  forms  from  beneath  the  inferior  covering  of  the  mouth. 

The  TONGUE  (ligula,  Fab.;  lingua,  Kirby  and  Spence,  PL  IV.  f.  4,  b) 
reposes  internally  upon  the  chin.  It  is^  in  general,  a  membranaceous 
or  more  or  less  fleshy  organ^  which  frequently  protrudes  beyond  the 
anterior  margin  of  the  chin,  in  which  case  its  exterior  inferior  side 
is  horny ;  this  horny  part  is  then  called  tonoue-bons  (os  hyoideutn), 
or  FULCRUM  {fulcrum).  The  labial  falpi  {palpi  labiaks)  are  close 
to  this,  and  indeed  frequently  inserted  upon  it.  The  upper  fleshy  part, 
the  true  tongue,  is  frequently  simple,  and  visibly  separated  from  the 
chin  ( PI.  IV.  f.  5),  as  in  the  Orihoplera  and  Neuroplera;  in  other  cases 
it  is  divided,  and  very  closely  connected  with  that  organ  {Coleoptera), 
In  the  wasps  it  is  separated  into  several  (three  or  four)  lobes.  In  the 
bees  it  projects  as  a  long  cylindrical,  frequently  pubescent,  retractile 
filament :  in  some  of  the  fossores  {Scolia)  this  filament  is  divided  into 
three. 

lUlger  and  Latreille  call  the  tongues  of  insects  with  a  masticating 
mouth  the  labium  ;  in  Fabricius,  on  the  contrary,  the  labium  is  some^ 
times  our  mentum,  and  sometimes,  when  the  chin  and  tongue  are  not 
distinctly  separated,  the  whole  inferior  flap  of  the  mouth. 

The  already  frequently  mentioned  feblers  {palpi)  are  the  auxiliary 
organs  of  a  masticating  mouth  ;  they  are  many-jointed  and  bat  seldom 
simple  appendages,  inserted  upon  the  maxillse  and  labium.  Those  upon 
the  maxille,  the  maxillary  peelers  {palpi  maxillares,  PI.  III.  f.  16, 
a),  generally  originate  from  where  the  scale  is  connected  with  the 
external  lobe,  and  are  united  to  it  by  a  very  supple  hinge.  The 
LABIAL  FEELERS'  (/>a(ps  labiaUs,  PL  IV.  f.  3.  c,  c)  are  placed  late- 
rally upon  the  labium,  close  to  the  tongue,  more  or  less  approximate  to 
the  part  where  it  projects  beyond  the  chin  {Cerambycina,  Carabodea) ; 
in  other  instances  they  are  decidedly  inserted  in  the  margin  of  the  chin 
{Libellulay  Lamellicomia),  The  number  of  the  joints  of  these  organs, 
whose  length,  form,  and  relation  to  each  other,  is  very  various,  never 
exceeds  six ;  and,  in  general,  the  labial  palpi  have  fewer  joints  than 
the  maxillary.  We  have  already  spoken  of  a  third  two-jointed  pair  of 
feelers — ^the  internal  maxillary  palpi  (palpi  maxillares  intemi, 
PL  III.  f.  17,  5,  and  PI.  IV.  f.  10,  5),  which  are  found  only  in  the  tiger 
beetles  (Cicindelacea),  the  Carabodea,  and  the  water  beetles,  and  which 
are  analogous  to  the  helmet  (galea)  of  the  Orihoplera, 
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§   69. 

Before  we  pass  on  to  our  general  consideration  of  the  organs  [of  the 
suctorial  mouth,  we  must  give  the  most  remarkable  differences  of'  the 
above-named  masticating  organs ;  but  we  will  first  notice  the  relations 
of  the  head  to  the  thorax,  as  well  as  the  proportions  of  its  own  parts. 

We  observe  in  the  head  the  direction  in  which  its  longitudinal 
diameter  stands  to  the  axis  of  the  body.  If  they  form  one  plane, 
it  is  called  prominent  (prominens,  Elater) ;  porbbct  when  it  pro- 
jects, likewise  horizontally,  hx  from  the  thorax  (Agra) ;  nutant 
{nutans)  when  its  longitudinal  diameter  forms  an  obtuse  angle  with 
the  axis  of  the  body  (Feronia^  Amara,  Harpalus ;  pbrprndjcular 
(perpendiculare)  is  when  its  longitudinal  diameter  forms  a  right  angle 
with  the  axis  of  the  body  {Saperda,  Diptera,  Hymenoptera). 

We  must  next  observe  the  manner  of  its  connection  with  the  thorax. 

Frbb  {exserlum  or  liberum)  is  a  distinctly  visible  head,  never 
covered  by  the  thorax  {Agra,  Anthia,  Hi^menoptera,  Dtptera), 

Insrrteo  (insertum),  when  it  is  partly,  particularly  the  occiput, 
concealed  within  the  thorax. 

Rbtracted  (relractum),  when  it  is  concealed  as  far  as  the  brow 
within  the  thorax  {Bupresiis)^ 

Concealed  (abtconditum),  when  it  is  entirely  withdrawn  within 
the  thorax,  or  is  covered  above  by  the  thoracic  plate  {Cassida). 

Rbtractilb  {retractile)  when  a  thus  concealed  head  can  be  pushed 
forwards  at  the  will  of  the  insect  {Hister). 

Vbrsatilb  (versatile),  when  it  can  be  freely  moved  every  way 
{Hymenoptera,  Diptera), 

From  its  anterior  margin  it  is  distinguished  into  clypeate  head 
(c.  clypeatum,  PI.  IV.  f.  6),  when  tolerably  flat,  and  the  margin  of  the 
dypeus  and  the  front  are  produced  into  a  broad  border  ( Copris,  Ontho^ 
phagus,  Ateuchus)  ;  turreted  (c.  turritum,  PI.  IV.  f.  7),  when  it  is 
produced  anteriorly  and  above  into  a  pyramidal  point.  {Truxcdis), 
We  have  already  mentioned  hornbd  (c.  cornutum)  and  rostratb 
(c.  rostratum)  heads.  A  head  furnished  with  swollen  cheeks  is  called 
BuocATE  (c.  buccatum,  PL  IV.  f.  1,  Myopa), 

With  respect  to  the  differences  of  the  masticating  organs  themselves, 
we  shall  proceed  as  we  did  in  their  description,  by  taking  them 
consecutively.  i 

The  upper  lip,  or  labrum,  differs  as  to  its  figure,  surface,  margin. 
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and  relation  to  the  other  organs  of  the  mouth ;  there  are,  however^  no 
differences  exclusively  peculiar  to  it,  and  we  may  consequently  refer  to 
General  Orismology  for  the  notification  of  its  discrepancies^  without  the 
necessity  of  repeating  them  here. 

In  explaining  the  construction  of  the  upper  jaws  {mandihulce,  PI.  IV. 
f.  8),  Kirby  and  Spence  have,  and  we  think  very  happily,  instituted 
a  comparison  with  those  of  the  superior  animals.  They  consequently 
distinguish  the  prostheca  (prosiheca )  in  the  mandibles,  which  is  a 
cartilaginous  process,  near  the  base  within,  and  is  found  very  generally 
among  the  Brachyptera ;  for  example,  in  Staphylinus  maxillosus. 
They  call  teeth  (denies)  the  pointed  processes  on  the  inner  side, 
and  very  skilfully  distinguish  the  superior^  compressed,  sharp  edge  as 
CUTTING  TEETH  (denies  incisivi,  the  same  figure,  a) ;  or  they  call 
them  CANINE  TEETH  (deutes  laniarii,  s,  canini),  when  they  are  very 
sharp  and  conical.  Grinding  teeth  (denies  molares)  are  the  inferior 
thicker  teeth,  provided  with  a  broad  grinding  surface  (Melolonilta), 
The  MOLA,  or  grinding  surface  {mola,  the  same  fig.  b),  they  call  the 
broad,  fiat,  and  often,  like  the  teeth  of  the  elephant,  ridged  space  of  the 
molares  of  many  insects  (for  example,  of  the  Bomhi,  Meloloniha,  &c.). 
In  the  Coleopiera,  this  molar  tooth  is  clothed  laterally  with  short  stiff 
hair,  which  Straus  calls  the  brush  (brosse).  The  processes  at  the 
base  are  also  important^  from  their  supplying  the  articulation  of  the 
mandible  with  the  head ;  they  are  three  in  number,  and  are  placed  at 
the  ends  of  the  edges,  beneath  which  the  three  surfaces  of  the  mandibles 
join.  The  lower  one,  viewing  the  mandible  in  its  natural  position,  is 
shaped  like  a  ball,  and  corresponds  with  a  cavity,  or  socket,  in  the 
head.  The  upper  one,  on  the  contrary,  is  concave,  and  consequently 
forms  a  socket  corresponding  with  the  ball  upon  the  head-case  (the 
same  fig,  d).  The  third  is  less  observable,  and  lies  within  towards  the 
orifice  of  the  mouth,  at  the  end  of  the  masticating  edge  of  the  mandible 
(the  same  fig,  e).  The  muse,  adducior  rnandibulce  is  attached  to  it ; 
its  antagonist,  the  muse,  ahducior,  is  inserted  in  the  exterior  margin^ 
between  the  two  articulating  processes.  The  upper  jaws  very  gene- 
rally consist  of  a  firm  corneous  substance  (mandib.  cornea) ;  in  other 
instances  they  are  membranaceous  (m.  membranaceee),  an  in  the  Lamelli- 
cornia  copropkaga  :  in  these  also  they  have  in  general  a  hooked  shape. 
In  the  Hemipiera,  and  many  Dipiera,  they  are  setaceous  (in.  seiacect, 
seics  rostri) ;  but  in  other  families  of  the  latter  order  (  Tabanica)  they 
are  lanceolate  (m.  lanceolaicB). 

Very  similar  forms  are  observable  in  the  under  jaws  (tnaxUke).    The 
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teeth  apon  the  inner  margin  of  the  maxillie,  when  present,  are  more 
unifonn,  finer,  and  more  delicate ;  they  are  frequently,  however,  wholly- 
deficient,  and  in  lieu  of  them  there  are  short  bristles.  In  other  instances 
the  whole  superior  process  of  the  under  jaw  is  clothed  with  short  hair, 
and  such  maxiUe  are  called  penicillate  {max,  penicillaice,  PI.  IV. 
f.  9) ;  for  example,  in  Lucanus,  But  this  superior  lobe  presents  itself 
much  more  generaUy  as  a  pergameneous,  variously-shaped  plate  {max. 
membranacea,  PI.  IV.  f.  2).  They  are  setose  {max.  setosee,  s.  seliB 
roHri  inferiores)  in  the  Hemiptera  and  many  Diptera  ;  in  some  of  the 
ktter  {Tabanica)  also  lanceolate  {max,  lanceolate).  They  are 
UKOuicuLATB  (m.  unguiculalce),  when  the  terminal  tooth  is  moveable, 
and  can  be  moved  to,  and  withdrawn  from,  the  internal  margin  of  the 
superior  lobe  at  the  will  of  the  insect  (PI.  IV.  f.  10).  This  superior 
development  of  the  lower  jaw  has  hitherto  been  detected  only  in  the 
tiger  beetles  (Cicindelacea). 

We  shall  find  the  differences  of  the  labium  much  more  various  than 
any  of  the  yet  examined  organs,  probably  by  reason  of  its  being  more 
compact  than  either  of  the  others. 

We  will  first  observe  the  chin,  upon  which  we  may  almost  repeat 
what  we  said  above  of  the  labrum ;  the  differences  of  form  are  also 
found  in  many  other  organs,  and  thus^  as  general,  have  been  already 
described  in  the  first  chapter.   One  peculiarity  is  its  being  more  or  less 
deeply  divided  into  two  or  three  lobes,  as  well  as  its  globose  convexity 
in  the  dragon-flies  {Libellulina,  PI.  IV.  f.  II).    The  tongue  also  has  but 
fcw  exclusive  peculiarities,  and  these  we  have  already  mentioned ;  con- 
sequently nothing  further  remains  to  be  said  upon  it.    The  under-lip 
of  the  larve  of  the  dragon-flies  is  of  a  very  singular  nature.     The  chin 
is  a  thin  stalk,  which,  in  its  pliable  articulation,  can  be  withdrawn 
to  the  prothorax.     Attached  to  it  in  front,  and  similarly  articulated^ 
is  tbe  flattened,  nearly  longitudinal,  heart-shaped  tongue,  which,  in 
repose,  closes  the  orifice  of  the  mouth,  but  which  can  also  be  distended 
as  a  prehensile  instrument.    In  front  of  the  tongue  there  are  two  claws, 
which,  like  the  nippers  of  a  pair  of  tongs,  move  in  opposition  to  each 
<ther,  and  thus  capture  objects  between  them.     With  these  the  larva 
seizes  its  food,  which  consists  of  small  water-insects,  and  then  with- 
^WB  its  chin  and  tongue,  so  that  its  prey  is  brought  directly  in  front 
of  the  orifice  of  the  mouth,  when  it  very  quietly  sucks  the  insect  dry. 
1^  daws  are  analogous  to  the  labial  palpi. 

Much  more  various  is  the  construction  of  the  palpi.    With  respect 
to  the  number  of  their  joints  they  are  subject  to  great  variety ;  but  the 
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maxillary  palpi  have  never  more  than  six,  and  the  labial  palpi  but 
seldom  so  many  as  four  joints.  In  every  order  a  certain  relation 
between  their  numbers  appears  to  be  followed,  to  which,  however,  there 
are  a  few  exceptions.  In  the  Coleoptera,  for  example,  the  maxillary  palpi 
have  very  generally  four  joints — the  labial  palpi  three ;  in  the  Orthop- 
tera,  the  former  five — the  latter  three ;  in  the  Hymenoptera^  the  former 
six — the  latter  four,  but  with  very  many  exceptions,  particularly  in 
the  maxillary  palpi ;  for  example,  Sirex  has  but  one  joint.  Among 
the  Neuroptera  these  numbers  are  five  and  three ;  among  the  Lepidop^ 
tera,  two,  or  more  rarely  three  joints  in  both ;  the  Dipiera  have  one, 
two,  or  four  joints.  The  Hemiptera  are  destitute  of  palpi ;  but  if  the 
jointed  sheath  of  the  promuscis  may  be  considered  to  represent  them, 
we  shall  also  here  very  generally  find  three  or  five  joints. 

The  most  usual  shape  of  the  feelers  is  filiform  (palpi  ^li formes, 
PI.  IV.  f.  12,  a) ;  that  is  to  say,  such  which  have  all  their  joints  of  an 
equal  cylindrical  shape ;  moniliform  (/?.  moniliformes),\vhen  the  joints 
are  globose,  like  beads ;  setaceous  (/?.  seiacei),  when  tolerably  long 
palpi  become  gradually  thinner,  and  the  last  is  pointed.  On  the  con- 
trary, they  are  conical  (p.  conici,  PI.  iV.  f.  13,  a),  when  the  joints  are 
very  short,  and  each  successive  one  is  smaller  than  the  preceding  (the 
Curculionodea).  The  greatest  differences,  nevertheless,  proceed  from 
the  form  of  the  terminal  joint,  for  the  first  ones  are  almost  invariably 
cylindrical  or  ovate,  and  the  last  only  differs  in  its  form.  We  have 
thence  the  follo^ving  designations :  — 

Securiform  {p.  securifof*mes,  PI.  IV.  f.  14),  when  the  last  joint 
is  broadly  triangular,  and  hangs  by  a  point  to  the  preceding  (Securi 
palpata). 

Lunate  (p.  lunati,  PI.  IV.  f.  15),  when  the  same  joint  has  the  form 
of  a  half-moon  {Oxyporus). 

Fasciculate  {p.fasciculati,  PI.  IV.  f.  16),  when  it  is  split  into 
many  threads  and  processes  (Lymexylon). 

Lamellate  (p.  lameUaH,  PI.  IV.  f.  17),  when  they  are  divided 
longitudinally  or  transversely  into  several  leaves  {Airactocerus), 

Subulate  (p,  subulati,  PL  IV.  f.  19),  when  the  last  joint  forms 
with  the  preceding  a  fine  and  delicate  termination  ( Treckus). 

Clavatb  (p,  clavatij  PI.  IV.  f.  20),  when  the  whole  organ  becomes 
thicker  towards  its  apex  {Trox). 

Wedge-shaped  (/».  cuneiformes),  when  the  last  joint  has  the  form 
of  a  wedge,  which  is  attached  by  its  sharp  end  to  the  preceding  joint 
{Carabvs,  Calo^oma^  Ctfchrus,  PL  III.  f.  16,  c). 
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TuHGiD  (p.  turgidi,  PI.  IV.  f.  22),  when  the  last  joint  has  the 
appearance  of  a  distended  bladder  {Gryllotalpd), 

Excavated  (/>.  excavati,  PI.  IV.  f.  23),  when  the  same  joint  is 
concave  at  its  extremity.  (Compare  below  in  the  Anatomy  of  the 
Organs  of  the  Senses,  §  198). 

Tbuscated  (p.  truncati),  when  the  last  joint  appears  to  terminate 
abruptly  (Prionus), 

Divided  {p.  Just),  when  the  last  joint  is  divided  longitudinally. 

Pilose  (/>.  pilosi),  when  the  joints  are  covered  with  sharp  stiff 
bristles  (Cicindeia,  PI.  IV.  f.  10). 

Squamoss  (j?.  8quamost)i  covered  with  broad  scales  {Lepidoptera, 
PLIV.f.24and25). 

Eeongate  (p.  elongati),  are  those  palpi  which  stand  freely  from 
tbe  month  {Carabus), 

Short  (p.  brevissimi),  when,  in  looking  at  the  mouth,  they  are  not 
perceived  (Curculionodea,  Libellulina). 

Very  long  (p.  hngissimi),  when  they  are  longer  than  the  head,  or 
even  than  the  antennae  (Hydrophilua). 

Unequal  (/?.  ittcBquales),  when  single  joints  take  a  different  form 
{Banckus,  Ichneumon,  PI.  IV.  f.  26). 

Equal  (p.  aquales),  on  the  contrary,  when  this  is  not  the  case. 

Suctorial  Organs  of  the  Mouth. 

§  70. 

The  suctorial  organs  (imtrumenia  suctoria)  are,  fundamentally,, 
merely  the  masticating  ones  transformed,  or  rather  those  stopped  upoa 
a  lower  stage  of  development,  for  a  precise  investigation  clearly  redis- 
covers the  same  identical  organs.  We  however  find  no  general  uniformity 
among  them,  excepting  in  their  function — that  of  taking  nourishment 
W  suetioo ;  for  every  order  of  insects  with  suctorial  organs  has  a  pecu- 
liar and  then  throughout  all  the  families  which  compose  it,  a  very 

oaiform  structure. 

We  thence  distinguish  the  following  principal  forms:— the  pro- 
boscis (proboscis),  or  haustbllum  (haustellum),  we  find  in  the 
DipUra  only.  It  consists  of  a  membranaceous  or  more  or  less  fleshy 
organ,  which  descends  in  a  perpendicular  direction  from  the  orifice  of 
tlic  mouth,  and  which  in  general  shortly  from  its  origin  is  geniculated 
forward,  and  terminates  in  a  flapper-shaped  suctorial  surface.  Upon  the 
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superficies  of  this  membranaceous  sheath,  and  generally  at  the  angle  of 
the  knee^  is  found  the  mouthy  covered  by  a  small  homy  flap,  and  sur- 
rounded by  several  bristly  or  lanceolate  organs.  Frequently,  indeed, 
this  muscular  sheath  consists  merely  of  a  corneous  channel,  in  which 
the  bristles  lie  (fur  example,  Culex)  ;  and  when  thus  formed,  Fabricius 
calls  it  haustellum ;  but  the  muscular  sheath  itself,  proboscis — styled 
by  Kirby  and  Spence  the  theca. 

The  following,   however,  is  the   definition  of  these  parts: — The 
8HEATH  (PI.  V.  f.  1.  a),  whether  it  be  muscular  or  horny,  represents 
the  under  lip,  and  is  thence  called  labium,  and  the  upper  portion  of 
the  knee  the  stalk  {stipes) ;  when  horny  posteriorly,  it  is  the  chin 
(jnentum).      The    anterior    terminal   flap    is    merely   a  feeler,    and 
represents  the  labial  palpi,  which  also  only  serve  to  supply  the  place 
of  a  muscular  lip;  it  is  called  the  knob  {capitulum,  PL  V.  f.  1,  a). 
Upon  the  stalk,  close  to  where  the  bristles,  or  setae  of  the  mouth  are 
found,  are  placed  the,  from  one  to  four-jointed,  palpi  (PI.  V.  f.  1 — 7« 
c,  c).     The  sets  themselves  are  concealed  by  the  superior,  broader, 
somewhat  convex,  upper  lip  (PI.  V.  f.  2  a,  3  a,  and  fig.  5,  sheath, 
vagina.  Fab.,  valvula,  Kirby  and  Spence) ;  beneath  it  lie  from  one  to 
^ve  setae,  the  two  upper  ones  of  which  represent  the  mandibles  (the 
same,  6.  b.  the  knives,  cultelli,  of  Kirby  and  Spence)  ;  the  two  lower 
ones,  the  maxilla  (the  same,  c,  c,  the  lancets,  scalpella,  of  Kirby 
and  Spence);  the  middle  one,  the  tongue  (the  same  d,  here  called 
glossarium)  ;    between  them  lies  the  mouth   (the  same,  fig.  5,  e). 
When  there  is  but  one  seta,  it  is  the  tongue :  it  is  also  the  true 
piercing  instrument,  which  is  pushed  down  into  the  upper  channel  of 
the  under  lip ;  and  thus  embraced  by  the  terminal  flaps,  pierces  into 
the  aliment ;  the  jaws  move  up  and  down  by  its  side,  and  form,  while 
the  suctorial   ventricle  distends,  a  decided  pump,  in  explanation  of 
which  we  shall  go  into  greater  detail  further  on. 

The  PROMUSCiS  (rostrum, — promuscis  of  Kirby  and  Spence,  PL  V. 
f.  8)  is  peculiar  to  the  Hemiptera.  It  is  much  more  uniform  in  its 
construction  than  the  proboscis,  although  it  generally  consists  of  the 
same  identical  parts.  We  must  distinguish  in  it  the  small  triangular 
plano-convex  upper  lip,  {k^rum,  fig.  8,  9,  and  11,  a,  from  above, 
fig.  14  from  beneath),  which  incases  the  commencement  of  the  pro- 
muscis from  above,  and  is  attached  to  the  clypeus ;  and  the,  from  three 
to  five-jointed,  sheath  (fig.  8.  b),  which  consists  of  two  equal  lateral 
flaps,  which  may  represent  the  maxillae  and  their  palpi,  and  four  fine 
setae  (fig.  10,  c,  c,  and  d,  d),  which,  as  in  the  flies,  are  analogous  to 
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the  upper  and  under  jaw.  Between  them  is  found  the  orifice  of  the 
moath,  at  the  apex  of  a  small  lanceolate  tongue,  concealed  within  the 
sbeath  (fig.  10.  By  and  fig.  13,  «),  which  is  enclosed  by  the  sets  of  the 
jaws  The  jointed  sheath  of  the  promuscis  is  caUed  vagina  ;  the  setas 
of  the  jaws,  seta  auperioreset  infer  lores;  the  central  tongue,  ligula* 

The  SPIRAL  TONOUE  {lingua  spiralis.  Fab.;  antlia,  Kirby  and 
Spence;  spiritrompe,  Lat.),  or  sucker  of  the  Lepidoptera,  is  the 
third  form  of  a  suctorial  mouth.  It  equally  consists  of  all  the  organs 
of  a  masticating  apparatus,  which,  however,  here,  adopt  the  following 
configuration.  A  small  triangular  piece  attached  to  the  clypeus,  and 
vhlch  extends  downwards  towards  the  mouth,  is  the  labrum  (fig.  15, 
a,  and  ^g.  16) ;  near  to  it  are  placed  the  short,  conical,  slightly-bent 
MANDIBLES  (fig.  15,  b,  b,  and  fig.  17)-  They  are  both  covered  by  the 
large  forwardly-bent  labial  palpi  (PI.  VI.  f.  3,  d),  and  can  be  dis- 
covered only  by  a  very  laborious  research.  The  maxilla  have  the 
sune  form  they  are  described  to  take  above  in  the  masticating  appa- 
ratns;  but  the  superior  lobe  is  stretched  into' a  long,  cylindrical, 
transversely- wrinkled  filament  (PI.  VI.  f.  l,a);  at  the  inner  margin 
of  which,  two  narrow  bands  are  found  (fig.  2,  a,  a),  which  symme- 
trically agree  with  those  of  the  other  maxilla,  and  by  means  of  which, 
therefore,  the  space  occurring  between  the  two  maxillae  is  formed  into 
a  tube  (fig.  2,  o).  The  filiform  maxille  are  also  hollow  (fig.  2,  p,  p), 
and  by  these  cavities  they  are  connected  with  the  furcate  commence- 
ment of  the  eesophagus,  so  that  the  Lepidoptera  .have,  as  it  were,  two 
mouths,  or  rather  two  separated  suctorial  tubes.  Where  the  upper 
lihunent  of  the  maxilla  is  attached  to  the  stalk,  a  small  two-jointed 
FBELBE  (fig.  1,  b)  is  inserted.  The  labium  (PL  V.  f.l8,  e,  and  PI. VI, 
f-  4,  e),  is  tolerably  large,  generally  triangular^  and  frequently  divided 
at  its  apex.  £ach  lobe  bears  a  large,  three -jointed,  very  hairy 
FBKLBE  (PL  V.  f.  18,  d,  d,  PL  VI.  f.  3  and  4,  rf,  d),  which  falls 
^iirward,  and  forms  the  sheath  of  the  sucker,  when  it  is  drawn  up 
spirally  in  repose. 

The  suctorial  organ  of  the  bees  (PL  VI.  f.  2 — 9,  see  description  of 
the  plates)^  and  of  the  other  suctorial  Hymenoptera,  is  but  a  more  or 
^  prolonged  transformation  of  the  masticating  apparatus,  the  same 
as  that  of  the  May  flies  (Phrtfganeodea),  and  we  shall  therefore  treat 
^them  in  detail  in  our  systematic  description  of  their  ^Eunilies.  The 
numth  of  the  flea  {Pulex),  to  which  Kirby  and  Spence  ascribe  a 
P^ciiliv  suctorial  oi^an,  does  not  essentially  difiPer  from  the  structure  of 
those  of  iheDiptera,  which  have  no  fleshy  lip  ^  and  which  we  shall  also 
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treat  of  in  its  proper  place.     The  same  observation  refers  likewise  to 
the  lice  (^Pediculi), 


Thb  Eyes. 

§  71. 

Having  now  concluded  this  detailed  description  of  the  oral  apparatus^ 
we  can  pass  on  to  the  consideration  of  the  other  organs^  and  the  eyes 
occur  as  the  most  immediate  objects  to  proceed  with. 

The  EYES  plainly  (ocw/t,  PI.  III.  f.  11,  12,  13,  o.  a.,  PI.  V.  f.  15,  a., 
PI.  VI,  3  and  8,  a.  a.)  also  called  compound  btbs  (octUi  composUi), 
are  placed  at  the  sides  of  the  head,  above  the  mouth,  and  generally 
present  themselves  as  large  hemispheres,  the  superficies  of  which,  at 
least  upon  close  investigation,  appear  to  consist  of  numerous  regular 
hexagonal  surfaces.  They  are  generally  circular  in  circumference,  but 
many  other  figures  (as  oval  or  kidnet-shaped)  are  observable  in 
them.  Each  of  the  above  hexagons  is  itself  an  eye  (as  we  shall  more 
explicitly  illustrate  below  in  the  Anatomy  of  the  Eye),  their  surfaces 
consequently  are  so  many  slightly  convex  homy  cases,  whence  the  quick 
sight  of  these  creatures  is  readily  explained.  Their  maigins  of  sepa- 
ration are  often  thickly  set  with  hair  (oculi  pilosi),  in  othef  instances 
they  are  naked  (^oculi  nudi).  The  number  of  these  lenses  or  facets 
has  been  calculated  by  several  authors,  and  their  almost  incredible 
multitude  has  very  justly  excited  astonishment.  Hooke  counted  7,000 
in  the  eye  of  a  house  fly ;  Leuwenhoek  more  than  12,000  in  the  eye  of 
a  dragon  fly ;  4,000  in  the  eye  of  a  domestic  fly  ;  and  Geoffroy  cites  a 
calculation,  according  to  which  there  are  34,650  of  such  &cets  in  the 
eye  of  a  butterfly.  They  must  also  necessarily  be  very  numerous  in 
the  eye  of  the  LameHicomia,  in  which,  even  under  a  tolerably  strong 
lens,  the  divisions  axe  not  perceptible,  whence  Fabricius  *  called  them 
simple  eyes. 

The  general  rule  is  for  the  eyes  to  be  separated  by  the  brow  {oculi 
distantes),  but  they  frequently  jdn  dosdy  together  in  male  insects 
{pculi  approximcUi,  for  ex.,  in  the  dragon  flies,  the  male  Syrphi,  the 
Drones).  There  are,  in  general,  but  two  of  these  compound  eyes,  but 
a  few  exceptions  are  found  to  the  universality  of  its  application  in  the 
whirlwigs  (G^rtfiii#),  and  some  Ephemeray  which  have  absolutely  four 

*  PhUoaoph.  Ent.  p.  xiz,  §  4.  ,  - 

i 
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eyes.  In  some  of  the  Coleoptera,  a  corneous  process  originating  at  the 
clypens  (canthus  of  Kirby  and  Spence),  either  completely  or  partially 
divides  the  eyes,  and  these  beetles,  (Atetichus,  Geotrupes,  Fabricius^  Sec, 
&c.)  then  appear  to  have  four  eyes.  The  genus  Tetraopes,  also,  among 
the  Capricorn  beetles  (^Cerambydnd),  has  apparently  four  eyes,  from 
the  antennae  being  inserted  exactly  in  the  middle  of  the  long  ovate  eyes, 
and  which  thence  seem  divided  into  an  upper  and  lower  half. 

The  SIMPLE  BYBs  or  auxiliary  eyes  {ocelli,  oculi  simplices,  PI.  VI, 
f.  8,  Bj  stemmata,  Kirby  and  Spence),  are  generally  three  in  number, 
and  more  rarely  we  find  but  two.  They  are  placed  upon  the  vertex  or 
upcm  the  brow,  most  frequently  in  a  triangular  position;  they  are 
much  smaller  than  the  true  eyes,  and  consist  of  but  one  very  convex 
case.  They  are  found  in  all  the  orders  of  insects ;  among  the  Cole-- 
optera,  indeed,  only  as  exceptions*,  in  others,  the  Diptera,  for 
example,  very  universally.  The  larvae  of  insects  with  a  perfect  meta- 
morphosis are  destitute  of  compound  eyes,  and  instead  of  them  have 
mostly  simple  eyes  ;  in  many  instances  they  have  none. 

The  Antenna  (Antenna), 
§  72. 

The  Antenna  must  be  distinguished  as  the  third  most  important 
group  of  the  organs  of  the  head.  Th^y  are  two  jointed  organs,  one 
of  which  is  placed  upon  each  side  of  the  head  between  the  angle  of  the 
mouth  and  the  eyes.  They  appear  never  to  be  wanting,  and  there  are 
never  more  than  a  single  pair  present.  In  some  parasites  only  (Philop^ 
tenuf  Docophoms),  there  is  close  to  and  in  front  of  each  of  them  a  small 
moveable  stalk,  which  Nitzsch  has  called  the  little  beam  (trabeculue). 
It  is  different  in  the  classes  nearest  to  that  of  insects,  the  Crustacea^ 
Myriapoda^  and  Arachneodea ;  in  which  we  find  sometimes  none, 
sometimes  only  two,  and  even  four,  or  six  antennae. 

As  the  differences  of  antennae  are  very  great,  we  must  divide  our 
consideration  of  them  under  several  heads.  These  are  their  situation^ 
relation  to  the  hody^  their  general  construction^  construction  of  the 
individual  joints,  and  their  clothing. 


*  Ctcnnar  diBcoTered  them  in  Omalium ;  they  were  afterwards  diacoTered  in  Antho- 
phagus  and  Pautnts.  A  very  particular  observer,  on  the  contrary,  Straus-Durckheim, 
demei  their  being  eyes,  although  he  does  not  dispute  the  existence  of  the  points,  page  58. 
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1.  Situation  of  the  Antennce. 

Frontal  {ant.  frontales),  they  are  called  when  they  are  inserted 
directly  upon  the  brow  {Bees,  PL  VI.  f.  8,  c,  c). 

Preocular  {ant.  prteoculares),  are  such  as  are  inserted  close  to  the 
front  of  the  eyes  {Carabus,  PI.  III.  f.  11  and  13,  y,  y,  y). 

Interocular  (a.  interoculares),  when  they  are  placed  between 
both  the  eyes. 

Extra-ocular  (a.  extra-oculares),  when  placed  very  distant  from 
the  eyes. 

Inocular  (fl.  inoculares),  when  the  eye  surrounds  the  base  of  the 
antennse  (^Cerambyx). 

Infra-ocular  (a.  ififra-oculares),  when  inserted  beneath  the  eyes. 

When  they  are  placed,  as  is  usual,  upon  the  upper  part  of  the  head, 
they  are  called  superior  {a.  superiores);  but  when  beneath,  inferior 
(a.  inferiores). 

When  their  basal  joints  are  inserted  very  closely  together,  they  are 
called  APPROXIMATE  (a,  approximate) ;  but  when  they  are  wide  apart 
they  are  styled  distant  {^a.  distantes). 


2.  Relation  of  the  Antennce  to  the  Body, 

Elongate  {elongate),  when  of  the  same  length  as  the  body  (Lep- 
tura). 

Longer  (longiores),  when  longer  than  the  body  {Saperdd), 

Very  long  {longissimat\  when  they  are  considerably  longer  than 
the  body  (Lamia  adilis).  Fab.). 

Short  (breves),  when  about  the  length  of  the  head. 

Shorter  (hreviores),  when  they  are  longer  than  the  head«  but 
shorter  than  the  body. 

Verf  short  (brevissimof),  when  not  so  long  as  the  head. 

3.  Fortm  of  entire  Antennce. 

Antennae  which  entirely  consist  of  equal  joints  are  called  equal 
(eqwdes),  whereas  those  whose  joints  are  dissimilar  receive  the  name  of 
UNEQUAL  {inequales).  Both  kinds  are  subjected  to  various  differences, 
which  we  will  now  proceed  to  consider. 
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a.  Equal  Antenna, 

Setacsous  (seUiceigj  PI.  VII.  f.  I),  are  such  which  very  gradually 
«kcreaBe,  becoming  pointed  at  the  apex  {Locusta,  Fab.). 

Setiform  (ietiformeSy  Pi.  VII.  f.  2),  when  it  resembles  a  slender, 
diort  bristle  which  springs  from  a  thicker  basal  joint  (Libellula),  This 
fiomi  is  distinguished  from  the  subulate  {jmbulata,  PI.  VII.  f.  3),  by 
the  latter  being  shorter,  thicker,  and  slightly  bent  (Lepiis). 

,  Filiform  (^iformes,  PI.  VII.  f.  4),  when  of  the  same  thickness 
throughout,  and  composed  of  cylindrical  joints  (Carabus). 

MoNiLiPORM  (moniU/ormes,  PI.  VII.  f.  5),  is  when  the  joints  are 
globose  (^Tenebrio). 

Ensiform  (ensi/hrmes,  PI.  VII.  f.  6),  when  the  joincs  are  com- 
pressed,  and  have  a  sharp  edge  on  each  side  {Truxalii). 

Falciporm  (J'alciformes,  PL  VII.  f.  7)»  when  arched  like  a  sickle. 

Dentatr  {dentcUce,  PI.  VII.  f.  8),  when  their  joints  are  armed  with 
shght,  pointed  spines  (Slenochorus). 

Serrate  {serratm,  PI.  VII.  f.  9),  when  the  joints  are  triangular, 
tnd  are  so  arranged  that  the  prominent  angle  is  placed  anteriorly,  and 
inclines  downwards  (^Elater),  Biserratb  (biserratcB)^  when  a  similar 
angle  is  also  placed  upwards,  and,  when  so^  the  point  of  insertion  of  the 
joints  is  not  at  the  superior  angle,  but  at  the  centre  of  the  base  of  the 
triangle.  In  the  latter  case,  the  joints  of  the  antennae  form  an  isosceles 
triangle,  whereas  in  the  former  they  are  more  or  less  rectangular. 

Imbbicatb  {imbricate,  PI.  VII.  f.  10),  is  when  the  joints  are 
conical,  but  deeply  excavated,  so  that  one  joint  is  inserted  half  way 
within  the  other  {Prionusy 

Pectinate  (pectinata,  PI.  VII.  f.  11),  when  the  joints  have  long 
processes  on  one  side,  like  the  teeth  of  a  comb.  Bifectinate 
{bip€ctinai€g)y  when  such  a  process  issues  from  each  side  of  the  joint 
(Lophtfrus) ;  or  doubly  pectinated  {duplicato-pectinatcBy  PI.  VII. 
f.  12),  when  there  are  two  processes  on  each  side  of  the  joints 
{Cienophora).  Cirbate  (cirrake,  PL  VII.  f.  13),  when  the  branches 
of  such  doubly  or  singly  pectinated  antennee  are  very  long  and 
curled,  and  sometimes,  but  not  always,  fringed  with  hair.  Distichous 
{disticJue),  when  the  processes  originate  from  the  apex  of  the  joint, 
and  do  not  incline  at  right  angles  towards  the  sides,  but  bend  for- 
ward at  acute  angles.     Flabellate   (flabellattB,   PI.  VII.  f,  14), 
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are  pectinated  antennee,  whose  joints  are  very  short ;  but  the  processes 
are  very  long  and  flat^  and  consequently  lie  close  together.  Bifla- 
BELLATE  (biJlaheUatcB)j  when  both  sides  of  the  joints  send  forth  such 
processes. 

Branched  {ramosai),  when  some  of  the  joints  only  send  forth  pro- 
cesses upwards  (PL  VII.  f.  15).  This  form  should^  by  rights^  be 
placed  under  the  following  head ;  but  as  they  are  in  general  filiform 
antenuse  which  are  furnished  with  such  appendages^  and  they  con* 
sequently  bear  great  resemblance  to  the  preceding  forms^  we  have 
preferred  introducing  them  here,  among  those  they  were  most  like. 

Forked  {JurcaitBy  PL  VII.  f.  16),  is  when  throughout  its  whole 
length  it  is  separated  into  two  branohes  or  prongs  (Schizocerus, 
Lat.). 

6.  Unequal  Antenna » 

The  inequality  of  antenns  proceeds  chiefly  from  the  differing 
form  of  their  second  and  last  joint,  on  which  account  they  demand 
especial  notice.  Very  generally  the  first  or  second  joint  is  much 
longer  than  the  following,  and  is  also  not  placed  in  the  same  direction 
with  them,  but  the  third  joint  is  inserted  laterally  upon  the  second  at 
a  right  angle.  Such  antennae  are  called  broken  {fractte),  or  genicu- 
late (geniculat€B,  PL  VII.  f.  17) ;  ^od  the  long  joint  is  distinguished 
as  the  SCAPE  (scapus,  the  same,  a),  and  the  following  as  the  branch 
(Jiageilum,  the  same,  h). 

The  branch  of  such  geniculated  antennse  is  frequently  merely  cylin- 
drical or  filiform  {Apiarian  fig.  17) ;  in  other  instances,  on  the  contrary, 
the  joints  of  the  branch  differ  again  from  each  other.  We  thence  dis- 
tinguish many^  forms  which  are  also  found  in  not  geniculated  but 
merely  unequal  antennae.     The  following  are  of  this  description : — 

Glavate  {clavata,  PL  VII.  f.  18),  when  the  joints  become  gra- 
dually broader,  so  that  the  whole  organ  assumes  the  form  of  a  club 
{Siipha). 

Capitate  {capitaUe),  or  such  whose  terminal  joint  forms  a  large 
round  knob.  If  the  knob  is  formed  by  but  one  joint,  it  is  called  simple 
(capitulum  solidum);  but  when  composed  of  several,  it  is  called,  in 
contradistinction,  coupound  (capitulum  compasitum,  PL  VII.  f.  19, 
Necrophorus).  Perfgliatb  (cap,  perfoUatum),  when  the  joints  of 
the  knob  slightly  stand  off  from  each  other  all  round  (Hffdrophihu, 
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PL  VII.  f.  20) ;  LAMELLATK  (cap.  lamellatum),  when  the  joints  of 
the  knob  extend  on  one  side  into  broad  leaves  (PI.  VII.  f.  21, 
Mdolon^) ;  tunicate  (cap.  tunicaium),  when  each  successive 
joint  is  buried  in  the  preceding  fdnnel-shaped  one  (PL  VIII.  f.  1, 
Lelknts) ;  infi«atbd  (cap.  inJUUum),  when  the  knob  has  the  form  of 
a  broad  bladder  (PI.  VIII.  f.  2,  Paussus)  -,  split  (cap.  Jlssum),  when 
the  jomts  upon  one  side  are  divided  as  by  incisures  (PI.  VIII.  f.  3, 
LMcamu). 

HooKBD  (uncinaUB),  when  the  last  joint  bends  back  upon  the 
preceding  (Pi.  VIII.  f.  4,  the  male  of  Odt/nerus). 

NoDoex  (nodosm,  PL  VIII.  f.  5)^  are  those  antennae  which  have 
their  intermediate  and  terminal  joints  thicker  than  the  remainder 
(many  Curcuiim). 

Amgustatb  (anguHata),  on  the  contrary^  when  the  middle  jmnts 
«ne  thinner  than  at  the  beginning  <Nr  the  end  (PL  VIII.  f.  6,  Asikui), 

Sbti«bboos  (setigeriB)t  are  such  whose  terminal  joint  has  upon  its 
upper  side  a  fine  bbistle  (seta).  The  bristle  is  either  simflb  (Wm- 
pkx,  PL  VIII.  f.  7),  or  fluhosb  (plumosa,  PL  VIII.  f.  8,  Volucella)^ 
when  upon  each  side  it  sends  forth  fine  and  delicate  branches.  These 
^orms  are  in  general  only  found  in  the  three-jointed  antennn  of  the 
Diplera,  the  very  various  forms  of  which  are  shown  in  the  figures 
6  to  17  of  the  eighth  plate. 

Mucbonatb  (mucronata),  are  those  whose  last  thick  joint  suddenly 
terminates  in  a  sharp  point  (PL  VIII.  f.  I8>  Empis). 

Auhiculatk  (auriculaiai)y  are  those  antennae  whose  inferior  joint 
is  distended  into  a  concave  plate^  not  unlike  the  shell  of  an  ear,  and 
which  partially  covers  the  rest  (PL  VIII.  f.  20,  Gyrinus ;  f.  19, 
Vamus). 

Irrboulab  Xirregulares),  lastly,  are  all  such  antennae,  all  or  several 
of  the  joints  of  which  are  dissimilar  in  form  to  each  other  (PL  VIII. 
f-  22,  Cerocoma  ;  f.  30,  Agaon), 

4 

4.  Number  of  the  Joints. 

Antennai  which  consist  of  but  one  joint  are  called  bxabticulatb 
(fxarticulataf) ;  others,  which  have  but  few  joints,  are  named  from 
their  number,  as  biarticulaie,  with  two  ;  triarticulate,  with  tbbbb 
joints,  &c.  But  those  whose  joints  are  very  numerous  are  called 
MULTiAXTicnLATB  (fttuUiarticulates). 

f2 
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The  number  of  the  joints  of  the  antennae  is  tolerably  regular,  and 
only  varies  in  the  different  orders  and  families  of  insects ;  but  a  few 
only,   as  the   Diptera  pupipara,   have   exarticulate,   or  one-jointed 
antennee;  the  majority  of  the  rest  of  the  Diptera,  such  as  the  true 
flies  (Muscaria),  and  Syrphi,  have  three  joints  (see  Pi.  VIII.  f.  6 
and  8—14,  and  16  and  17).     Just  so  is  it  in  the  genera  Nepa  and 
Ranaira  (PL  VIII.   f.  21),  in  the  family  of  water-bugs  (Hydro- 
corides)  ;  while  the  remaining  genera  of  these,  as  also  of  the  field-bugs 
(Geocorides),  have  pour  joints,  with  the  exception  of  the  five-jointed 
genera,  Pentatoma,  Tetyra,  and  Reduvius.     All  the  Cicadaria  have 
THBEE  joints,  with  the  exception  of  Cicada,  Lat.  {Tetligonia,  Fab.)^ 
which  has  five.     The  genera  Asilus,  Dioctria,  Dasypogon,  Hilar  a, 
Empis,  and  Sargus,  among  the  Diptera^  have  five  joints  (PI.  VIII, 
f.  7  and  18).     It  is  the  same  in  the  apterous  flea  {Pulex),  the  lice 
(^Pedicuii),  and  the  genus  Philopterus,  among  the  equally  apterous 
parasitic    skin-destroyers    {Dlctyoioptera    mallopkaga).     Two  other 
genera  of  this  family,  viz.  Lioiheum  and  Gyropus,  have  but  four 
joints;  the  fourth  genus,  Trichodectes,  has  hut  three.     Six-jointed 
antennae  are  rarely  found,  the  genus  Perga,  and  some  species  of  the 
genus  Cimbex,  among  the  Hytnenoplera,  display  this  number;  and 
among  the  Diptera,  the  genera  H^malopoda,  Hexatoma,Me\g.  {Hep- 
ialoma,  Latr.)>  and  Nemalocera,  Meig.  {Hexatoma,  Lat.).  From  seven 
to  EiGHTrjointed  antenn<c  are  found  in  other  Diptera,  in  the  genera 
Stratiomys,  Oxycera,  Tabatius,  Pangonia,  Chrysops;  but  the  last  five 
or  six  are  so  closely  attached  t(^ether,  that  they  appear  to  form  but  one 
joint.     Nine  joints  are  found  in  the  hymenopterous  genus  Tenihredo  ; 
TEN  in  the  approximate  genus  Athalia.     ELEVEN-jointed  antenns  are 
possessed  by  the  Cofeoptera,  with  a  few  exceptions ;  for  example,  ten 
in  Melolontha,  Oryctes  ;  nine  in  CopriSy  Oniticellus,  Ateuchus,  Apho^ 
dius^  Gemaies,  Kirby ;  PhatuBus,  Leach  (Lonchophorus,  Germar),  and 
many  of  their  aflinities ;  eight,  Dorcaioma  and  Calandra ;  five. 
Platypus  and  Claviger ;  two,  Paussus,     More  than  eleven  joints 
are  found   in  some  species;   for  example,  twelve  in  Cebrio  giga^^ 
Chrysomela  stolida,  some  Saperda,  and   the  males  of  the   genera 
Stenochorus  and  Trachyderes*     In  Prionus  imbricomis  the  female  has 
nineteen,  and  the  male  twenty  joints ;  Rhipicera  marginata,  Latr. 
{Polytomus,  Dalm.)  has  thirtt-two  joints ;  Rh.femorata,  twenty- 
three  ;  Rh.  mysticma,  even  forty.    Among  the  bees,  vrasps,  and  the 
other  families  of  the  Hymenoptera  aculeata,  the  female  has  twelve. 
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aod  the  male  thibtebm  joints.  The  Diptera,  with  uiifonn  and  multi- 
articakte  antenns^  possess  a  varying  number ;  Bihio,  Latr.  {HirUBay 
Fab.),  has  nine  ;  eleven,  DUophus,  SccUopse^  and  SimuUa  ;  the  Tipu' 
laria, from  thirteen  to  seventeen ;  and  all  theTipularicB fungivorcB 
have  SIXTEEN.  Multiarticalate  (20 — 50)  antennse  are  found  among 
the  Lepidoptera  ;  the  most  of  the  Ichneumonodea  and  Urocerata  ;  all 
the  NeuToptera^  and  the  most  of  the  Orthoptera  ;  but  in  many  species 
of  the  genus  Lt^custa,  Leach,  there  are  found  fourteen  or  sixteen  ; 
in  GryUus,  Fab.,  not  many  more  than  twenty  ;  in  ForfictUa,  some- 
times only  TWELVE  or  fourteen,  but  even  as  many  as  thirty. 

5.  Forms  of  the  individual  Joints, 

They  are  in  general  cylindrical  (teres,  s,  cylindricus),  but  the 
joints  become  very  frequently  thicker  towards  their  end,  and  conse- 
quently not  unusually  adopt  an  obconic  form  (a.  obconici).  Bell- 
(baped.  or  campanulate  {a.  campanulati),  are  those  which  are  con- 
cave at  their  broadest  end  (PI.  VII.  f.  10).  Torulose  (a,  torulosi), 
such  as  have  greater  or  smaller  tumours  upon  them.  Taose  which 
are  produced  laterally  into  lobes  or  processes  (art,  lobali,  s,  producti), 
have  been  previously  mentioned.  Moon-shaped,  or  lunate  joints 
(art.  lunaii),  are  found  in  the  male  individuals  of  the  genera  Nephron 
Uma  and  Eucera  (PI.  VIII.  f.  29).  The  first  conical  joint  upon  which 
the  antenna  turns  like  a  ball  within  a  socket,  is  called  by  Kirby  and 
Spence  the  torulus  (torulus). 

6.  Clothing  of  the  Antentue, 

The  great  majority  of  antennae  are  completely  naked ;  others,  on  the 
contrary,  have  a  clothing  consisting  of  shorter  or  longer  hair,  in  which 
cafle  the  terms  explained  above  (§  25)  may  be  applied  to  them.  Some 
peculiar  terms,  however,  may  here  find  a  place. 

Vbrticillatb  (verticiUatof),  are  those  antennee,  the  joints  of  which 
are  snrrounded,  at  equal  distances,  with  stiff  hair  (Eriopterdy  Psychoda, 
PI.VIILf.23). 

FucBRiCATB  {Jirnbricat^B),  on  the  contrary,  when  the  long  parallel 
l>sir  is  placed  only  upon  one  side  of  the  joint ;  or  pectinato-JimhriccLUBy 
when  the  antennae  are  at  the  same  time  pectinated  [Phaksna,  PI.  VIII. 
f.24). 
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Bbabded  {barbat^B\  when  the  short  and  thickly-set  hair  covers  the 
antennae  completely  upon  one  side. 

Fasciculate  (Jasdculatie)^  when  every  joint  has  a  distinct  pencil 
(Callichroma  alpinum,  PI.  VIII.  f.25). 

ScOFiFEROUs  (jscopiferof),  when  a  thick  brush  of  hair  is  placed  upon 
one  part  of  the  antennae  (many  species  of  Lamia,  PI.  VIII.  f.  26). 

Plumose  (plumoscB)^  when  the  hair  clothing  the  anteniue  is  long, 
and  is  so  far  apart  that  each  may  be  distinctly  discerned  {Chironamu», 
PI  VIII.  f.  27,  f.  28). 
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II — The  Thorax. 

§  73. 

The  second  chief  division  of  the  body  of  an  insect,  and  which 
succeeds  to  the  head,  and  is  connected  with  it  by  the  neck,  and 
precedes  the  abdomen,  is  the  thorax  (thorcuPy  stethidium*).  In 
calling  this  portion  of  the  body  the  thorax,  we  differ  from  other 
writers,  who  apply  this  name  to  parts  only  of  this  division  of  the  body ; 
but  why  we  do  so  is  readily  explained  to  those  who  remember  the  note 
to  §  9,  II,  and  who  agree  with  us  in  the  rule  we  there  lay  down  t- 

Fabricius  divided  the  body  of  an  insect  into  caput,  truncus,  abdomen. 
and  artus.  That  this  subdivision  is  inadmissible,  is  sufficiently  ex* 
plained  at  the  above-cited  place.  How  this,  his  iruncus,  our  thorax, 
again  consists  of  several  divisions,  will  be  more  fully  shown  below. 
These  segments,  or  divisions,  he  named  in  the  following  words: — 
irunctu  inter  caput  et  abdomen  constat  thorace,  scutello,  pectore, 
stemo  {.  He  called  the  upper  part  of  the  trunk  thoraJt  (§  8) ;  pectus 
was  the  part  beneath,  corresponding  with  the  thorax  (§  10,  page  25) ; 
sternum,  lastly,  the  central  longitudinal  line  of  the  breast  (§11)-  The 
term  thorax,  which  Fabricius  used  sometimes  for  the  dorsal  superficies 
of  the  anterior  s^^ment  of  the  trunk,  as  in  the  Coleoptera^  Orthoptera, 
and  sometimes  for  the  whole  superior  surfeu^  of  the  trunk,  as  in  the 
Hymenoptera  and  Diptera,  was  afterwards  applied  to  that  whole 
division  of  the  body  whose  superior  surface  it  was  intended  only  to 
indicate;  and  thence  sometimes  meant  the  entire  anterior  segment, 
and  sometimes  the  whole  trunk.    Illiger  sought  to  put  a  stop  to  this 

*  This  tenn,  used  by  Illiger,  Bonoh^i  and  othen,  is  less  applicable  than  thorax,  because 
it  is  borrowed  from  the  Greek  (derived  from  ^^fp),  whilst  caput  and  abdomen  are  Latin. 
It  is  tme,  indeed,  that  thorax  also  originates  from  the  Greek,  but  was  long  used  hj  the 
latin  writers  of  the  best  period. 

t  Passing  over  other  authorities,  we  will  merely  cite  in  support  of  our  opinion,  Ch.  L. 
Nitzsch.  See  Germar,  Magas.  der  Ent.  iii.  band,  p.  275,  note,  who  there  explains 
Mmtclf  upon  the  subject. 

;  Philoft.  Entom.,  p.  22,  $  7. 
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confusion^  by  applying  the  terms  in  general  use  to  signify  the  parts  of 
the  superior  animal^  and  he  therefore  called  that  entire  division  the 
thorax  ;  and  he  distinguished  its  upper  surface  as  the  thorax  superior, 
and  its  lower  one  as  thorax  inferior  *,  Thus  all  difficulties  were  at 
once  removed.  But  Kirby  and  Spence  re-adopted  the  obsolete,  incor- 
rect nomenclature,  endeavouring  to  justify  their  course  by  its  priority ; 
and  in  addition  to  which  they  named  every  possible  part  with  such 
excessive  and  painful  precision,  and  even  every  direction  or  position  of 
the  body,  that  the  multitude  of  terms  which  their  imagination  has  con- 
ceived, and,  it  must  be  admitted,  not  always  very  happily,  is  sufficient 
to  excite  astonishment.  Before  them,  Knoch  had  essayed  an  orismo- 
logical  detail  of  the  thorax  f,  but  which  also  does  not  suffice  for  every 
requisition  ;  but,  that  we  may  be  as  complete  as  possible,  we  will  give 
a  summary  of  his,  as  well  as  of  Kirby  and  Spence's  prolix  nomenclature. 

According  to  Knoch,  the  body  of  a  beetle — for  it  is  only  to  the 
Coleoptera  that  his  names  apply — exclusive  of  its  head,  consists  of 
the  trunk  (jtrunctcs),  which  comprises  the  neck  {collum),  the  breast 
{pectus),  the  abdomen,  the  scutellum,  and  the  wing-cases  (elytra). 

The  neck  (collum,  our  prothorax)  is  divided  into  the  upper  side 
(thorax),  and  the  under  side  (jugulum).  In  the  centre  of  the  under 
side  is  found  a  prominent  narrow  portion,  the  collar-bone  (sternum 
collare,  cartilago  ensiformis,  Lin.).  That  portion  of  the  trunk  which 
lies  between  the  neck  and  abdomen,  but  which  above  is  covered  by  the 
elytra,  he  calls  breast  (pectus).  This  is  divided  into  several  portions: 
the  anterior  part  placed  in  the  middle,  limited  posteriorly  by  the  sockets 
of  the  intermediate  legs,  he  calls  peristethium  ;  close  to  which,  on  each 
side  exteriorly,  are  the  scapula,  winch  sometimes  (Cychrus)  are  soldered 
to  the  peristethium.  Next  to  the  peristethium,  and  behind  the  sockets 
of  the  intermediate  legs,  follows  the  large  central  acetabulum  ;  close  to 
which,  on  each  side,  limited  anteriorly  by  the  scapulce,  are  the  para^ 
pleura,  or  side-pieces,  which,  in  many  genera  ( Cychrus),  are  divided 
into  two.  Behind  the  acetabulum  and  parapleura  is  placed  the 
merieeum,  which  forms  the  anterior  surface  of  the  sockets  of  the 
posterior  legs.  The  breast  has  frequently,  as  well  as  the  neck,  a 
central  prominent  carina  {Hydrophilus)  ;  this  is  called  breast-bone 
(sternum  pectorale).     The  whole  upper  surface  of  the  breast  is  called 

♦  M»a|aa.  Vol.  V.,  p.  11,  No.  1578. 
t  Neue  Bcitrage,  Book  I,  p.  41. 
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the  back  (dorsum),  with  the  exception  of  the  scutellum  lying  between 
the  elytra. 

The  following  Orismology  of  Kirby  and  Spence  is  much  more 
diffuse: — 

The  trunk  (Jruncus)  is  divided  into  two  chief  parts — the  anterior 
bearing  the  anterior  legs,  called  maniiruncus,  and  the  posterior,  ali^ 
tnincut,  upon  which  are  placed  the  four  posterior  l^s  and  the  wings. 

The  upper  side  of  the  mnnitruncus  is  distinguished  as  the  protJiorax, 
and  its  broad  lateral  margin  as  border  {ora) ;  the  pcUagia^  two  cor- 
neous scales  densely  covered  with  hair  in  the  Lepidoptera  ;  the  urn- 
hems,  two  moveable  thorns  on  the  sides  in  Acrocinu*  longimanus  ;  and 
the  phragma,  the  posterior  margin  descending  in  front  of  the  alitrunk. 
The  under  side  is  called  antepectus,  the  central  prominent  ridge  of  which 
i«  caUed  prosternum,  and  the  antefurca^  which  is  an  internal  process 
fur  the  insertion  of  the  muscles. 

The  alilruncus  has  the  following  divisions  and  parts: — the  first 
diri&ion  upon  which  the  anterior  wings  are  placed  is  called  above  the 
mcsolhorax,  or  is  divided  into  the  collare,  particularly  visible  in  the 
npfienoptera,  it  appears  to  be  wanting  in  insects  with  a  distinct 
manitrunk,  the  prophragma,  a  thin  partition  which  descends  from 
the  anterior  mai^in  of  the  mesothorax  into  the  cavity  of  the  trunk,  and 
separates  the  anterior  segment  from  the  intermediate  one.  The  dor^' 
tolum  is  that  portion  of  the  superior  surface  which  lies  between  the 
collare  and  scutellum,  upon  which  are  found  the  wing-sockets  (ptcro-^ 
ptga).  These  cavities  are,  in  the  Hymenoptera,  covered  by  two  small 
scales  (teguUe).  The  scutellum,  a  triangular  corneous  piece  placed 
behind  the  dorsolum,  and  between  the  superior  wings,  serves  as  a  point 
of  insertion  of  the  elytra.  The  under  side  of  the  anterior  division  of 
the  alitrunk  is  called  medipecius,  in  which  is  agaiu  distinguished  the 
peristethium,  or  anterior  central  part  lying  in  front  of  the  sockets  of 
the  intermediate  legs  (the  same  part  of  Knoch);  the  scapularia,  placed 
exteriorly  next  to  the  peristethium;  the  mesosiernum,  the  prominent 
central  ridge  of  the  medipecius  ;  and  the  medifurca,  a  forked  process 
of  the  interior  surface  of  the  medipecius.  The  superior  surface  of  the 
posterior' division  of  the  trunk  is  called  metathorajF,  Upon  this  is 
fuund  the  mesophragma,  a  separating  partition  running  parallel  with 
the  prophragma,  and  descending  from  the  anterior  margin  of  the 
^leialhyrax ;  the  post'dor solum,  the  intermediate  piece  between  the 
^wpkragma  and  post'scuiellum  ;  the  post-scutellumj  that  piece  which 
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follows  the  middle  piece^  and  which  extends  to  the  end  of  the  metO'* 
thorax  ;  pleural  (the  sides),  the  space  between  the  scapularia  and  the 
insertion  of  the  wings.  The  under  side  of  the  posterior  division  of  the 
alitruncus  they  call  the  post-pectus;  it  is  divided  into  the  mesostethium, 
the  central  piece  between  the  intermediate  and  posterior  legs  (Knoch*8 
acetabulum) ;  the  parapleurce,  the  lateral  pieces  on  each  side  of  the 
Mesostethium ;  the  metasternum,  the  elevated  central  ridge  of  the 
mesostethium  ;  the  post-furca,  the  internal  descending  process  of  the 
fnetaihorax  and  the  opercula,  which  cover  the  spiracles  of  the  meta'- 
thorax. 

To  whom  is  not  the  elaborately  strained  nature  of  these  definitions 
apparent  ?  To  call  the  anterior  legs,  hands^  and  that  portion  of  the 
body  upon  which  they  are  placed,  the  manitrunk,  is  certainly  a  very 
forced  endeavour  to  find  analogies.  The  upper  surface  also  cannot  be 
called  thorax y  and  the  under  side  pectus  :  for  pectus  universally  means 
the  anterior  portion  of  the  thorax^  and  its  posterior  or  upper  surface  is 
called  dorsum,  or  back.  It  is  also  erroneous  to  consider  the  collare  as 
a  distinct  part,  as  it  is  evidently  what  they  call  thorax  in  the  CoUo- 
ptera.  Notwithstanding  their  assertions  to  the  contrary,  they  will  never 
be  able  to  convince  us  of  it.  Wheresoever  a  part  is  not  immediately 
recognised,  it  displays  no  art  to  give  it  a  peculiar  name ;  but,  on  the 
contrary,  it  shows  much  to  prove,  by  a  careful  study,  the  relations  of 
the  several  parts  in  the  different  orders,  and  the  variations  they  are 
subjected  to.  This  has  been  the  problem  which  the  following  sections^ 
containing  a  description  of  the  thorax,  seek  to  solve. 

§  74. 

The  thorax  of  insects  consists  of  three  corneous  segments,  from  each 
of  which  a  pair  of  legs  originate ;  and  the  two  posterior,  or  only  the 
intermediate  one,  always  bear  besides  a  pair  of  wings.  We  distinguish 
these  segments  as  the  prothorax,  mbsothorax,  and  metathorax  *. 
In  its  most  simple  confurmation,  each   of  these  segments  is  wholly 

*  Cb.  L.  Nitzscfa,  who  firet  proposed  these  three  names  for  the  three  segments  of  the 
thorax,  wrote  prototharMf,-  but  as  he  himsdf  called  the  third  segment  metotht^ax,  forming 
It  consequently  of  a  preposition  and  a  substantive,  the  analogously  compounded  name  of 
the  first  segment  proposed  by  £irby  and  Spence  is,  therefore,  better  tlum  the  former. 
Had  Nitzsch  compounded  all  the  three  names  of  ordinal  numerals,  his  would  have  had 
the  preference,  as  being  the  first ;  in  consequence,  therefore,  those  proposed  by  Kirby  and 
and  Spence  take  precedence. 
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uiufiMin»withoat  further  GompoBitlan,  as  in  all  insects  deficient  inwings^ 
Pedtcubu,  the  Mallophaga,  Pulex,  &c.)  In  such  no  distinct  parts  are  to 
be  aotioed,  they  are  consequently  named  only  according  to  their  poeition, 
the  upper  part  being  called  the  back,  (dorsum),  the  under  the  brbast 
{pectus)  and  the  sidbs^  where  they  are  distinct  or  prominent,  (piettne). 
As  portions  of  the  whole  superficies  they  are  distinguished  by  the  name  of 
the  segment  upon  which  they  are  situated ;  for  example,  the  upper  side  of 
the  prothorax  is  called  the  back  of  the  frothobax  (dorsum  protho- 
races).  But  this  most  simple  construction  of  the  thorax  passes  through 
a  great  variety  of  conformation  in  the  different  orders,  whereby  the 
undivided  segments,  here  seen^  become  separated  into  parts  of  which 
sometimes  one,  and  sometimes  the  other^  is  most  strongly  developed;  but 
the  three  great  divisions  are  always  distinctly  determined,  although  in 
tome  cases  the  second  and  third,  and  in  others  all  three^  are  so  closely 
anited  that  they  appear  to  form  but  one  undivided  whole. 

The  orders  in  which  we  observe  the  first  segment  to  be  most  freely 
aaited  to  the  second  are  the  Coleoptera,  Orlhaptera,  Neuroptera,  and 
Hemiptera;  the  other  four  display  a  tolerably  close  union  of  all  the 
three  s^ments  into  one  entire  undivided  thorax.  Although  this  more 
distinct  separation  of  the  prothorax  is  evidently  conditional  upon  a  not 
onimportant  transformation  of  organic  relations^  we  shall  nevertheless 
observe  no  new  parts  in  these  orders^  but  be  able  to  show  an  analogical 
itmcture  in  all  the  rest.  The  greater  freedom  of  union  does  not  seem 
to  imply  a  higher  grade  of  organisation,  for  we  observe  the  same  structure 
in  the  apparently  highest  and  lowest  orders ;  but  in  the  higher  orders 
Mch  thoracic  segment  is  composed  of  several  parts,  which  in  the  lower 
mies  unite  into  one,  although  we  even  then -find  the  indication  of  such 
separations. 

When  most  fully  developed^  the  thorax  consists  of  four  corneous 
plates.  The  superior,  which  we  call  pbonotum*(P1.  IX.  and  XJI.  a,  a,  a» 
Prothorax  of  Kirby  and  Spence),  takes  very  different  figures.  In 
general  it  is  more  or  less  quadrate,  but  so  that  the  sides  seldom  form 
straight  lines,  but  either  bow  out  or  undulate.  The  anterior. mai:gin  is 
generally  emaigbuite,  the  posterior  stra^hter ;  the  lateral  mai;gins  fre- 
quently dentate,  and  sometimes  armed  with  strong  spines  or  with  smaller 
teeth.  The  centre  of  the  superficies  very  generally  exhibits  a  narrow 
longitudinal  impression,  which  beneath  and  within  projects  as  a  sharp 

*  This  name  is  compounded  of  wf>o,  anterior,  and  ¥6T0Si  the  back. 
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corneous  ridge.  The  prothoracic  case  is  thereby  divided  into  two  lateral 
halves  (for  example^  in  Gryllotalpa,  PI.  XI.  No.  1,  f.  3^  c).  Sometimes 
the  upper  surfiace  projects  in  a  similar  central  pectinated  ridge,  as  in 
many  of  the  genus  Gryllus,  Fabr.  {Acridium,  Latr.)  Besides  its  disc 
(discus)  and  margin  (margines),  we  distinguish  upon  it  the  surrounding 
fiORDBR  (limbus).  Between  this  pronotutn  and  the  anterior  sternal 
plate  we  find  on  each  side  in  the  cursorial  (Carabici)  and  natatorial 
beetles  {Hifdrocantkari),SL  distinct  corneous  scale^  which^  as  the  muscles 
of  the  coxae  originate  at  them,  should  be  called  shoulder-blades ;  and^ 
that  we  may  distinguish  them  from  the  larger  shoulder-blades  of  the 
intermediate  legs  (which  have  been  long  called  scapulas),  may  be  called 
the  smaller  or  anterior  shoulder-blade  {omium*).  It  is  a  fiat,  more  or 
less  heart-shaped  plate  (PI.  IX.  No.  1  fig,  4,  of  CarabuSj  No.  2,  fig.  4, 
Dffiiscus),  and  which  forms  the  posterior  portion  of  the  sides  of  the 
prothoracic  segment,  and  is  contiguous  in  front  to  the  wings  of  the 
prosternum,  which  extend  upwards  to  the pronoium.  Its  superior  margin' 
turns  inwards  (the  same  b^),  and  forms  a  broad,  bowed  corneous 
ledge,  thus  presenting  a  still  wider  surface  to  the  muscles  of  the  coxae, 
upon  which  they  may  spread  themselves.  In  Buprestis,  which  has 
this  margin  very  broad  (No.  3,  fig.  1,  a,  a),  I  found  upon  its  posterior  edge 
a  small  round  corneous  plate,  which  was  distinct  from  it  (the  same  6, 6), 
which  upon  the  opposite  side  was  contiguous  to  th^  prosternum,  and  is 
doubtlessly  the  analogue  of  the  anterior  shoulder.  I  have  not  observed 
it  in  other  families  of  the  beetles,  in  which  the  turned  margin  of  the 
pronotum  takes  its  place  (PI.  X.  No.  3,  fig.  1.) 

The  inferior  plate,  the  prosternum  (PI.  IX.  &c.  b,  b),  has  much 
more  limited  dimensions  than  the  superior.  It  is  less  flat,  rather 
inclining  beneath  to  an  angle,  the  edge  of  which  is  frequently  prominent, 
or  not  rarely  prolonged  into  a  mucro  posteriorly  (Elater),  Close  to  the 
central  ridge  the  sockets  (jicetabula)  of  the  anterior  legs  are  seated, 
one  on  each  side ;  in  front  the  articulating  membrane  is  affixed,  and 
posteriorly  the  membrane  which  connects  it  with  the  mesothorax.  llie 
epiRACLB  of  the  prothoracic  segment  is  found  here ;  it  is  a  longitudinal 
gap  surrounded  by  a  callous  margin,  into  which  the  tracheae  of  the 
anterior  part  of  the  body  open  themselves  (PI.  XI.  No.  1,  fig.  2,  a,  a). 
In  all  those  families  to  which  this  division  of  the  prothoracic  case  is  not 

*  The  Latin  language  has  no  diminutive  of  scapula^  we  have  therefore  derived  it  from 
the  Greek,  in  which  language  Afuov  ngnifies  a  small  shoulder. 
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peculiar  (for  example,  the  Ceramb^cina),  the  superior  plate  is  united  to 
tbe  inferior  without  the  indication  of  any  separation,  so  that  the  parts 
distinguished  in  the  former  can  be  regarded  in  these  only  as  regions. 
The  prothoracic  case  has,  besides  the  feet,  no  other  limbs  or  peculiar 
appendages,  with  the  exception  of  two  instances.  In  the  one,  we  observe 
a  moveable  spine  on  each  side  of  the  prothorax,  {Acrocinus  longimanus)  ; 
the  second  instance  is  found  in  the  family  of  the  Rhiphidopiera*,  on 
eich  rfde  of  the  prothorax  of  which  a  contorted  and  twisted  corneous 
appendage  is  attached.  All  other  prominences  of  the  prothoracic  case 
are  integral  portions  of  it,  and  are  to  be  considered  only  as  processes. 
There  is  a  multiplicity  of  them  and  of  the  most  distinct  forms,  the 
families  of  the  Lamelltcornia  and  Cicadarta  display  the  most  remarkable. 
Tbe  PATAGiA  (patagia)  of  the  Lepidoptera,  which  Kirby  and  Spence 
consider  as  appendages  of  the  prothorax,  are  not  seated  upon  this,  but 
Tipon  the  mesothorax. 

§  73. 

lu  those  orders  in  which  the  prothorax  is  in  closer  connection  with 
the  mesothorax,  we  often  find  analogous  parts ;  but  it  just  as  often  forms, 
as  well  as  tbe  whole  thorax,  one  entire  piece,  upon  the  superficies  of 
vhich  the  different  parts  are  indicated  by  means  of  deep  impressions 
and  furrows.     This  is  the  case  in  the  Dipiera  and  tbe  Neuropiera  ; 
ioT,  notwithstanding  the  distinctness  with  which  the  different  thoracic 
plates  are  marked  out,  for  example,  in  the  Libellulina  (PI.  XI.  No.  3, 
f  1 — 3),  tbey  are,  nevertheless,  firmly  attached  together,  and  require 
considerable  force  and  art  to  separate  them.    In  the  Hymenopiera,  this 
separation  is  not  merely  indicated,  but  it  actually  takes  place.    A  small 
corneous  plate  with  two  sockets,  and  seated  quite  in  front  of  the  pro- 
thorax, represents  in  this  order  the  prostemum  (PI.  XII.  No.  1  and  2, 
B,B,B.);   a  larger  plate,  which  has  a  narrow  margin,  and  which, 
descending   perpendicularly,  bows  round   and  extends  on  each   side 
to  the  origin  of  the  wings  (the  collar  of  Kirby),  takes  the  place  of  the 
pronoium  (PL  XII.  No.  1  and  2,  a,  a.).     Kirby  and  Spence  con- 
sider this  plate  as  an  integral  portion  of  the  second  segment,  and 
confirm  themselves  in  this  view  of  it  by  its  generally  remaining  attached 
to  the  mesothoracic  segment  when  the  first  pair  of  legs  are  separated 
from  the  prothorax.      They,  consequently,  think  they  have  observed 

•  Strepsiptera,  Kirby. 
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that  some  insects  (  Vespa,  Cimhex)  possess  both  a  collar  and  a  prono* 
turn  ;  and  that  in  others  {Xylocopa),  the  colkr  forms  a  complete  ring. 
Their  first  observation  is  perfectly  correct^  but  not  convincing;  it 
frequently  happens  that  the  first  segment  of  the  thorax  is  more 
strongly  affixed  to  the  thorax  than  to  the  abdomen,  and  remains  attached 
to  the  former  when  we  wish  to  separate  the  latter  {Hister,  Gryllus, 
Grylloiaipa,  &c.  &c.);  the  same  remark  may  be  made  with  respect 
to  the  cojr^e,  and  with  still  greater  latitude,  but  which  are,  n6twith- 
standing,  joints  of  the  legs  :  why  should  not,  therefore,  the  pranotum 
occasionally  be  affixed  more  firmly  to  the  second  segment  of  the  thorax 
than  to  the  prostemum  ?  The  second  observation  is  absolutely  erro* 
neous ;  for  what  Kirby  and  Spence  consider  as  their  prothorax,  (our 
protioium),  is  sometimes  the  extended  membrane  of  the  neck  (  Fespa, 
Cimbex),  sometimes  a  plate,  as  in  the  Libellulina,  representing  the 
anterior  part  of  the  mesonotum;  and  which,  in  the  Coleaptera,  is 
covered  by  the  pronotum.  The  third  observation  is  also  imaginary, 
for  proportions  of  that  kind  are  always  the  peculiarities  of  entire 
families ;  and  this  conformation  of  the  prothoracic  segment  is  found 
as  little  among  the  rest  of  the  bees  as  in  Xylocopa.  Whereas,  on 
the  contrary,  the  following  reasons  clearly  prove  this  part  to  be  the 
pronotum : — 

1st.  In  all  those  orders  which  possess  a  collar,  the  pronotum  would 
necessarily  be  deficient,  as  they  possess  no  part  excepting  this  which 
responds  to  it.  On  the  other  side  these  orders  would  have  a  cor- 
neous part  more  upon  the  mesothoracic  segment  than  any  of  those 
provided  with  a  distinct  and  free  prothorax^  in  which  we  in  vain  seek 
upon  the  mesothoracic  segment  for  a  part  analogous  to  the  collar. 

2nd]y.  That  Kirby  and  ^pence's  collar e  is  our  pronotum,  is  proved 
incontestibly  by  the  circumstance,  that,  upon  its  separation  from  the 
second  segment,  there  is  a  spiracle.  We  observe  this  spiracle  very 
distinctly  in  the  Dipiera  (PI.  XIV.  No.  1,  f.  2,  a),  which  shows  us 
very  evidently  the  limits  of  the  prothorax,  for  which,  without  this 
indication,  we  might  look  in  vain,  as  the  entire  order  is  deficient  in  a 
clear  separation  of  the  plates  of  the  thorax.  (See  also  PI.  XIV. 
No.  2,  f.  2,  a.)  In  the  Hi/menoptera  and  Lepidoptera,  this  spiracle 
lies  beneath  the  patagium,  and,  in  the  former  {Vespa,  Scolia,  &c.), 
appears  as  a  distinct  opening  beneath  the  superior  wing.  This  process, 
which  forms  a  sort  of  flap,  may  be  called  tile  (tegula),  for  the  organ 
which  Kirby  and  Spence  have  so  called  is  the  same  with  their  patagium 
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(PL  XII.  No.  1  and  2,  d,  d;  see  §  77)*  '^^^  ^i^t  spiracle  is  constantly 
the  property  of  the  prothorax  throughout  all  the  orders  which  have  this 
part  free,  and  in  a  very  flexible  articulation  with  the  second ;  conse- 
quently,  in  all  the  remaining  orders^  the  first  spiracle  of  the  thorax 
most  necessarily  beiong  to  its  first  segment^  and  notj  as  would  be  tlie 
case  were  the  collar  a  portion  of  the  mesothorax,  to  the  second  thoracic 
segment. 

3rdly.  We  may  even  adopt,  as  proofs  in  our  favour,  the  reasons  cited 
by  Kirby  and  Spence,  in  opposition  to  their  own  views.  In  the  first 
place,  they  say  the  collar  lies  directly  over  the prostei^num  (Chlorian), 
and  then  moves  freely  with  it  (PompiiuSy  Chrysh),  when  the 
coUar  has  no  prophragma  (see  lower  down) ;  but  which  is  found 
upon  the  dorsal  piece  lying  behind  it.  Kirby  and  Spence  have  not 
refuted  all  these  reasons,  but  have  considered  them  as  rendered  ineffec- 
tive by  their  contrary  reasons,  which  we  have  entirely  refuted.  It 
clesrly  appears  to  us,  therefore,  that  the  term  coiiLAB  ivill,  in  future, 
be  useless,  and  instead  of  it,  this  part  must  be  called  by  its  more 
sppropriate  name  of  pronotum. 

In  the  order  of  the  LepidopterOy  this  pronotum  approaches  to  the 
shape  of  a  collar,  for  in  them  it  leans  against  the  second  segment,  in 
the  form  of  a  thin  plate,  and  thus  forms  its  commencement  (  PI.  XIL 
No.  1,  f.  1«  a).  Besides  which,  it  is  here  called  collare  by  the  describers 
of  Lepidoptevay  particularly  wherever  it  is  covered  with  differently 
coloured  hair,  or  small  scales.  But  even  here  it  is  the  true  represen- 
tative of  the  pronotum* 

k  76. 

The  intermediate  ring  of  the  thorax,  the  mesothorax  consists,  in 
its  most  developed  state,  of  seven  pieces,  the  three  pairs  of  which  are 
so  closely  united,  that  each  appears  to  form  but  one  piece ;  thence, 
consequently,  we  have  four  chief  pieces,  which  we  distinguish  as  meso- 

NOTOM,  HBS06TBRNUM,  and  the  SOAPULiB. 

The  UBSONOTUx  (PL  IX.  &c.  c,  c^c.  Kirby  and  Spence's  dovMh 
lum  and  scutellum),  forms  superiorly  the  corneous  covering  of  the 
mesothorcuip.  It  is  generally  of  a  quadrate  shape ;  it  is  convex  on  the 
exterior  and  concave  within,  bent  down  laterally,  and  is  here,  chiefly,  ' 
in  direct  union  with  the  remaining  corneous  plates.  It  is  divided  into 
two  parts,  which  are  never  distinctly  separated,  but  merely  indicated 
upon  the  superfidoes.     The  anterior  piece  or  true  back  {dorsolum  of 
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Kirby  and  Spence)^  generally  exceeds  the  posterior  piece  iu  size.  In  the 
orders  vrith  a  free  prothorax,  this  covers  it,  and  it  is  only  visible  upon 
the  removal  of  the  latter  ;  in  the  rest  it  occupies  the  whole  central  sur- 
face of  the  back.  In  fronts  at  its  exterior  angles,  the  corneous  ribs  of  the 
superior  wings  articulate,  and  two  corneous  ridges,  originating  at  this 
point  and  proceeding  into  the  cavity  of  the  thorax,  serve  for  the  inser- 
tion of  the  muscles  which  move  the  wings.  In  the  Hydrocanthari, 
the  mesonotum  is  very  small,  and  indicated  only  by  a  delicate  corneous 
transverse  line  (PI.  IX.  No.  2,  f.  T,  o.) ;  it  is  very  large  in  the  Melli- 
JercB  and  Lepidoptera^  as  well  as  in  the  Diptera  ;  in  the  dragon  flies, 
(PI.  XI.  No.  3,  f.  1,  2,  c,  c),  it  forms  as  an  obliquely  descending  bent 
plate,  the  anterior  portion  of  the  thorax  in  front  of  the  wings,  and 
therefore  does  not  represent  the  collar  of  the  Hiftnenoptera  and  Diplera 
(our  pronotum),,2A  Kirby  and  Spence  maintain.  The  posterior  divi- 
sion, the  scUTELLUM  (scutellum),  is  here  seated,  as  in  all,  between  the 
wings.  This  scutelluh  (PI.  XI.  &c.  c,  c«),  is,  properly,  no  separated 
part ;  but,  as  we  have  already  seen,  a  mere  process  of  the  mesonotum. 
It  is  to  be  observed  very  distinctly  in  the  Coleoptera,  in  which  it 
presents  itself  as  a  small  triangular  plate  seated  between  the  elytra 
and  the  pronoium.  In  some  genera  (Macraspis),  it  attains  conside- 
rable size;  indeed  in  Tetyra  and  Chelyphus,  it  almost  covers  the 
whole  abdomen  *,  It  always  extends  far  backwards,  between  the 
posterior  wings ;  and  in  many  families,  it  completely  covers  the  third 
thoracic  segment  (PI.  XIII.  No.  4  and  5,  c,  c. ;  PI.  XIV.  No.  1  and 
2,  c,  c.)  ;  not  unfrequently  a  strong  membrane  or  even  a  peculiar  cor- 
neous ridge  {Cicada,  P.  XIII.  No.  5,  f.  1,  d,  d.)  proceeds  from  the 
side  of  the  scutellum  to  the  base  of  the  superior  wings,  and  thereby 
strengthens  their  connection  with  the  dorsal  piece  (PI.  XIII.  No.  4, 
f.  I,  d,  d).  This  ridge  or  membrane,  Kirby  and  Spence  call  the 
Jrenum.  In  many  Coleoptera  the  scutellum  appears  to  be  deficient, 
from  its  not  displaying  itself  upon  the  superior  surface  between  the 
elytra  (as  in  Copris) ;  but  it  is,  nevertheless,  present,  although 
covered  by  the  elytra  and  pronotum.  These  have  been  called  Escu- 
iellati,  wanting  a  scutellum. 

It  is  not  unusual  to  find  other  processes  upon  the  scutellum,  as  spines 
and  teethj  and  which  are  occasionally  found  in  almost  all  the  orders  (P^ t- 
lu8  Boiciif  Stratiomys,  Sargiu,  Reduvitts).   But  we  more  rarely  observe 

*  CompoTD  Dalman,  Analecta  Entomol.  p.  32,  p.  2,  B. 
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such  excresoenoes  upon  the  mesonotum  (CUleUaria).  The  prominences 
upon  the  surface  of  the  mesonotum  (for  example^  in  Cimber,  SireXy 
Tabanus,  Asilug,  &c.)  arise  from  the  insertion  of  the  muscles ;  tlie 
furrows  which  separate  them  correspond  with  similar  ridges  upon  the 
interior,  which  the  bundles  of  muscles  embrace.  A  great  partition,  of  a 
homy  substance,  separates  superiorly  the  cavity  of  the  second  thoracic 
segment  from  the  first ;  it  descends  from  the  upper  side  of  the  dorsal 
piece,  in  greater  or  less  distension,  and  likewise  serves  for  the  insertion 
of  the  muscles  of  the  back.  Kirby  and  Spence  call  it  prophraoma. 
At  its  superior  edge  the  membrane  is  affixed,  which  unites  the  first  and 
second  segments. 

§  77. 

The  ^APULiB  are  contiguous  to  the  mesonotum  (PI.  IX.,  &c.,  d,  n). 
On  each  side,  in  front,  close  to  the  mesonotum,  they  assist  to  form  the 
articulating  socket  of  the  superior  wings  (pteropega,  Kirby  and  Spence), 
and  they  here  contract  themselves,  that  they  may  pass  into  the  cavities 
of  the  prothorax  in  those  orders  which  have  a  distinctly  separated  pro- 
thorax,  and  with  their  opposite  wing  they  pass  down  the  sides  of  the 
mesothoracic  segment.  They  consequently  fall  into  two  divisions, 
which  may  be  distinguished  as  the  anterior  and  posterior  wings  of  the 
scapulie  (^ala  seapuke  anterior  et  posterior).  Beneath  and  beyond  the 
posterior  wings  of  the  scapulae,  in  the  Coleoptera^  is  found  the  spiracle 
of  the  second  thoracic  segment ;  it  is  entirely  covered  by  it,  which 
explains  why  it  has  been  hitherto  overlooked.  Straus- Durckheim  dis- 
covered it,  and  has  distinctly  shown  its  situation*.  My  attention  being 
thus  drawn  to  it,  I  have  fully  convinced  myself  of  its  constant  presence 
in  the  Coleoptera,  by  numerous  investigations.  In  the  orders  with  an 
nnseparated  prothorax,  this  part  appears  to  diminish  in  compass  as  well 
as  in  importance ;  at  least  we  never  clearly  discern  a  distinctly  sepa- 
rated scapula,  but  peculiar  pieces,  analogous  by  their  dtuation,  doubt- 
lessly represent  them,  although  with  an  altered  function.  As  such  we 
oonnder  the  patagia  and  teguLs  of  the  Lepidoptera  and  Hymenopterd; 
they  are  both  decidedly  the  same  part,  and  are  also  seated  precisely  at 
the  same  place,  but  differ  in  their  mode  of  attachment,  the  tegula  of 
the  Hymenopiera  being  affixed  to  the  mesonotum  above  the  wing,  and 
the  patagium  of  the  Lepidoptera  beneath  it,  to  that  part  which  we 

♦  Conwd.  G«n.,  PI.  VII.  fig.  6,  11. 
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consider  as  the  analogue  of  the  posterior  wing  of  the  scapula  (see 
PL  XII.  No.  1,  £  I  and  2,  d;  No.  2,  f.  2,  d).  In  the  Diptera,  this 
scale  appears  as  a  mere  protuberance  (PI.  XIV.  No.  1^  d)  in  front  of 
the  base  of  the  wings ;  thus  also,  by  reason  of  its  smallness  in  many  of 
the  HymenopUra  {pundum  calhtum  ante  alas  of  Fabridus) ;  but  in 
these  it  is  always  a  separate  piece.  That  which  has  been  called  the 
8BOULDBB9  {Humeri)  in  other  Diptera,  for  example,  in  Myopa,  is 
certainly  erroneous^  for  it  is  the  analogue  of  the  eoUare  of  the  Htfme* 
noptera,  and  the  same  as  our  pronotum  (PL  XIV.  No.  2^  a).  In  all 
the  apterous  genera,  as  well  as  in  all  those  orders  which  display  a  closer 
union  of  the  several  pieces  of  the  thorax,  the  scapulie  are  not  either  to  be 
recognised  as  distinct  pieces.  In  the  Coleoptera  and  Orihoptera  they 
are  never  wanting ;  but  their  separation  into  two  parts,  which  we  have 
called  their  wings,  is  not  always  apparent. 

The  third  piece,  the  mbsostbbnux  {peristeMum  of  Kirby  and 
Spenoe),  is,  as  well  as  the  scapulse,  divided  into  two  parts ;  but  here 
they  are  equal.  It  is  directly  opposite  to  the  mesonotum,  upon  the 
underside  of  the  thoracic  case,  and  includes  one»half  of  the  aoetabula  of 
the  intermediate  legs.  It  is  distinctly  observed  in  all  the  orders;  in 
many  {Diptera,  Hemiptera)  it  is  not  separated  from  the  other  pieces 
by  clearly  defined  limits,  but  merely  indicated  by  furrows ;  in  others 
(the  Hymenoptera),  it  attains  considerable  size  (PL  XII.  No.  2,  f.  2 
and  3,  b,  b),  and  in  these  extends '  upwards  upon  the  sides  of  the 
thoracic  case,  as  high  as  the  articulation  of  the  superior  wings.  In  the 
Coleoptera  and  Orthoptera,  which  display  considerable  resemblance  in 
the  conformation  of  their  thorax,  it  is  small,  and  frequently  appears 
but  as  a  smaU  prominent  ridge  between  the  intermediate  legs  {Hydro' 
philus,  Gryllotalpa,  PL  IX.  No.  1,  f.  8,  b);  in  the  former  it  is 
sometimes  even  excavated  for  the  reception  of  the  dagger-shaped 
process  of  the  prosternum  (EtateTf  Buprestis,  PL  IX.  No.  3,  f.  5,  e  ; 
Dyticus,  PL  IX.  No.  2,  f.  8).  This  sternum  is  separated  into  two 
equal  halves  by  a  central  longitudinal  division,  which,  however,  is  but 
little  apparent  upon  its  superficies,  and  can  be  discovered  only  upon  a 
close  inspection  {Buprestii,  Dyticus,  &c.). 

§  78. 

The  third  and  last  segment  of  the  thorax,  the  mbtathobax,  resem- 
bles the  second,  in  being  of  a  more  united  structure  than  the  first. 
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whieh  it  to  be  ascribed  chieflj  to  the  drfrnmstance  of  their  liimng  both 
wiofi  mai  legs  attached  to  them>  whereas  the  first  has  but  legs  alone ; 
coaseqiientlj  greater  ooaipasa  was  required  for  the  reception  of  the 
naseks  of  the  wings,  and  "v^idi  explains  the  reason  df  thdr  much  more 
srtiiciid  coBBtmction.    We  likewise  observe  the  fullest  dcTelopment  in 
the  mmber  and  sitliation  of  the  parts  to  ocour  here,  also^  in  the  CoU- 
optgra,  as  waa  to  be  expected  in  the  highest  order.     The  third  seg^ 
uent,  likewise,  consists  of  seven  pieces,  which  are  similar  to  those  of  the 
Koond.  The  superior  central  piece,  the  mhtano^uv  (PL IX.,  Sec.  p,  9), 
«capies  the  whole  snperiof  part  of  the  metathorax ;  it  is  getierallj  an 
tUiBg  quadrangle,  with  the  anterior  angles  advanced  :  it  is  frequently 
Infflowcd  in  front.    A  somewhat  arched  partition  {mesophragma  of 
Kirhjr  and  Spence),  which  descends  into  the  cavitj  of  the  thorax,  sepa- 
rates the  cavity  of  the  meso-  fhmi  that  of  the  metathorax,  and  serves 
fiv  the  insertion  of  the  muscles  of  the  back,  as  well  as  of  the  legs.    The 
aemhrsne  which  connects  this  segment  with  the  preceding  passes  over 
thispsrtitioB,  but  which  is,  however,  no  longer  apparent  in  the  Hynuf^ 
optertih  and  id  all  those  orders  wherein  the  corneous  plates  are  attached 
together*    In  general,  the  posterior  edge  of  the  scuTikiiLUM  projects 
amewhat  over  the  anterior  margin  of  the  metathorax ;  it  often  {DipUrm 
and  Ckodaria)  conceals  its  centre— though  rarely  its  entire  suHaoe 
{Tahaum,  PL  XIV.  No.  1.  c^  ChefyphtUt  Teiyrd).    Sometimes  a 
straight  furrow^  which,  however,  oocasionally  runs  concentrieally  with 
tiie  KQtellum,  aeparates  from  the  remainder  an  anterior  portion  of  the 
melathorsx,  which  has  been  called  PO0*r8CUTBLi<uH.     In  the  saw-flies 
(Taikrtdonodea)  this    portion,  particularly  laterally,  very  strongly 
projects,  and  displays  two  small^  very  generally  white,  points,  which 
»e  called  obncbbi. 

The  posterior  wings  are  placed  at  the  anterior  angles,  and  often 
oocapy  die  whole  sides  of  the  metathorax.  This  occurs  through  the 
iDediam  of  a  peculiar  organisation,  the  description  of  which  belongs  to 
tU  anatomical  division ;  thus  much  may  stand  here— the  strong  cor- 
■eoBsnervures  are  attached  to  the  metathorax  by  articulation,  and  the 
membrane  is  formally  affixed  to  it,  and  is  supported,  upon  the  expansion 
tf  the  wing,  by  the  horny  plates  contained  within  it. 

A  peigamenteous  partition  at  the  posterior  margin,  and  called  the 
■iTAPHaAOicA,  and  which  descends  in  a  perpendicular  direction, 
^'^^viag  in  its  middle  towards  the  abdomen,  sepanttes  the  lattei*  from 

o  2 
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the  thorax  (PI.  XIV.  No.  l,f.2,  b);  there  remains  only  a  small  space 
below  for  the  passage  of  the  intestines,  the  organs  of  the  nervous  and 
respiratory  systems^  and  of  the  vessels,  &c.  In  all  insects  with  a 
pedunculated  abdomen  {ahdomine  petiolate),  this  partition  is  exposed^ 
and  thus  forms  the  covering  of  the  truncated  posterior  portion  of  the 
metathoracic  segment;  it  even  seems  to  distend  itself  towards  the 
superior  surface,  and  to  terminate  only  at  the  above  indicated  furrow 
of  the  metathorax^  whereby  this  becomes  a  positive  suture  (PL  XII. 
No.  2,  f.  1  and  2,  Scolia  and  other  Hymenopterd). 

Directly  opposite  to  the  metanotum,  and  precisely  in  the  centre  of 
the  under  sur&ce^  we  find  the  metastbrnum  (PI.  IX.^  &c.  Q,  o) ; 
likewise  very  generally  a  quadrate,  corneous  plate,  but  which  more 
rarely  takes  the  shape  of  a  triangle,  hexagon  or  octagon  {Hister, 
PI.  IX.  No.  3,  f.  12,  g),  and  which  helps  to  form  anteriorly  the  aceta- 
bula  of  the  intermediate  legs^  and,  posteriorly,  those  of  the  posterior 
legs.  It  is  sometimes  perfectly  fiat^  sometimes  slightly  convex,  and 
sometimes  distinctly  ridged,  and  occasionally  prolonged  posteriorly  into 
a  point  (Xiphus  metasterni);  and  when  thus,  it  projects  over  the 
abdomen  {Hydrophilu$),  It  differs  considerably  in  extent  in  On/ctes 
(PL  X.  No.  2,  f.  4,  o)  and  Cetonia  (the  same.  No.  1,  f.  2,  g)  ;  it 
occupies  nearly  the  whole  pectus ;  sometimes,  as  in  Hister  (PL  IX. 
No.  3,  f.  12,  g),  only  the  centre ;  sometimes  it  is  compressed  into 
a  comparatively  small  compass  by  the  coxa  of  the  posterior  legs ;  it 
is  thus  formed  in  Dyiicus  (PL  IX.  No.  2,  f.  8,  o).  In  many  Coleop^ 
tera,  for  example,  in  the  Lamellicornia^  the  meso-and  meta-stemum  are 
so  closely  united,  that  it  requires  violence  to  eflTect  a  separation.  In 
others  (for  example,  Buprestis,  PL  IX.  No.  3^  f.  5^  o),  the  metastemum 
consists  of  two  halves,  which  are  separated  by  a  central  longitudinal 
suture,  which  internally  forms  a  ridge. 

The  construction  in  the  other  orders  differs  materially  from  this 
description  of  it  in  the  beetles ;  but  in  the  Orthoptera  very  slightly. 
In  these,  likewise^  the  metastemum  is  a  clearly  distinguishable,  but 
undivided  plate,  placed  between  the  acetabula  of  the  four  posterior 
legs  (PL  XL  No.  2,  f.  5,  g).  In  the  apterous  genera,  we  do  not 
observe  the  meso-  and  meta-stemum  to  be  divided  into  several  pieces, 
and  they  adhere  tolerably  closely  to  the  original  annular  form  of  the 
segments  (see  PL  XIII.  No.  1  and  2,  the  thorax  of  the  female  Tengyra 
and  Myrmosa).    In  the  Hymenoptera,  the  construction  of  the  meta- 
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sternma  doselj  approximates  to  the  above  description  of  that  of  the 
beetles ;  it  is  likewise  seated  between  the  acetabula  of  the  posterior 
legi,  and  appears  as  a  distinct^  but  undivided  plate^  as  in  Scolia  (PI.  X. 
Xo.  2,  f.  2  and  3,  o).  In  the  Lepidoptera  it  takes  the  figure  of  a 
smudrde,  which  lies  in  front  of  the  coxaa  of  the  posterior  1^^  separates 
them  from  those  of  the  intermediate  legs,  and  between  them  it  projects, 
with  iu  obtuse  ends,  at  the  sides  of  the  thorax  (PI.  XIII.  No.  4,  f.  2,  o). 
It  appears  indicated  in  the  same  situation  in  the  Diptera,  but  is  not 
separated,  for  in  them  all  the  parts  of  the  thoracic  segments  are  firmly 
Qiuted.  In  the  Hymenoptera,  the  metastemum  merits  particular  atten- 
tion, from  its  deviating  from  .'the  structure  of  the  other  orders  by  pos- 
seasing  a  spiracle  peculiar  to  it,  which  is  placed  anteriorly  upon  its  supe- 
rior lateral  margin  (see  PL  XII.  No.  I  and  2,  f.  1  and  2,  j3).  In  the 
Lepidoptera  and  Diptera,  it  is  placed  as  in  the  other  orders,  between 
the  meso-  and  meta-thorax.  Latreille,  therefore,  considers  this  portion 
of  the  thorax  as  belonging  to  the  abdomen,  maintaining  that  no  spira- 
cles are  to  be  found  upon  those  segments  of  the  thorax  which  are 
provided  with  wings ;  which  assertion  is,  however,  unfounded,  as  we 
bave  seen.  He  .thence  concludes  that  the  halter es  (see  the  end  of  this 
section)  of  the  Diptera  cannot  represent  the  posterior  wings  of  the 
other  orders,  because  a  spiracle  is  found  upon  the  s^ment  where  they 
are  placed.  But  that  this  circumstance  proves  nothing  will  have 
become  self-evident. 

Between  the  metanotum  and  the  metastemum,  two  other  horny 
pieces  are  found  on  each  side,  which  we,  with  iCirby  and  Spence, 
distinguish  as  the  pleura  and  pabaplbuba.  Straus  caUs  them 
iscHu,and  distinguishes  the  former  as  the  ischium  primum;  the  latter 
as  tichium  secundum. 

The  PLBUSA  (PL  IX.  No.  2,  j,  j)  is  contiguous  to  the  metanotum, 
and  is  united  to  it  by  a  delicate  membrane ;  the  membrane  of  the  wing 
proceeds  from  it,  and  this  is  attached  in  the  same  manner  to  the  pleura 
beneath,  as  it  is  affixed  above  to  the  metanotum.  •  It  is  a  small,  longi- 
tudinal, scarcely  observable  plate,  which,  in  repose,  is  covered  by  the 
^ytra,  and  is  not  perceptible  until  they  are  removed.  In  the  Orihop- 
<CT'a  (for  example,  Gryllotalpa,  PL  XI.  No.  1,  f.  8,  j),  the  pleura  is 
mach  extended,  and  posteriorly  it  is  drawn  somewhat  downwards,  so 
that  it  extends  to  the  acetabula  of  the  posterior  coxa;.  In  the  Lihellu^ 
^tao,  it  is  almost  supplanted  by  the  very  large  parapleural,  and  in  these 


86  PARTIAL   ORISMOLOGY. 

insects,  from  the  two  pieces  being  united  posteriorly,  it  appears  as  a 
small  triangle*  beneath  the  cavity  where  the  abdomen  is  affiled  (PI.  XI. 
No.  S,  f.  3,  j).  In  the  Hymenopter<iy  Lepidopiera,  DipterOf  and 
Hemiptera,  the  pleurss  avd  parapleurse  are  not  distinctly  separated, 
bat  f<Nrra  a  single,  undivided  pleura,  which  often,  besides,  is  strictly 
united  with  either  the  metanotum  or  metastemum,  or  indeed  with  both 
together. 

The  FARAPi<suRA  (PL  IX.,  &e,  h,  h)  of  the  CoUoptera,  as  well  as 
of  the  other  orders  in  which  it  is  distinctly  found,  lies  between  the  meta- 
stemum ttnd  the  pleura.  In  general,  they  are  lai^er  than  the  latter, 
lie  nearer  the  under  side  of  the  body,  and  adapt  themselves  in  shape  to 
the  space  left  by  the  other  plates.  They  are  very  frequently  quadrate 
(PI.  XI.  No.  1,  f.  6,  H ;  No.  2,  f.  10),  with  sometimes  parallel,  and 
sometimes  diverging  sides  (PI.  IX.  No.  3,  f.  6,  h)  ;  in  other  cases,  three- 
sided  (PI.  IX.  No.  2,  f.  8,  h)  ;  and  very  large  and  trapezoida  lin  GfyU 
lotalpa  (PL  XL  No.  1,  f.  8,  h),  as  weU  as  mLibeliula  (No.  8,  f.2,  h). 
In  these  they  are  prolonged  posteriorly,  make  a  bend  at  the  angle  of 
the  thorax,  and  in  the  centre  of  the  metastemum  they  unite  in  one 
piece  (PL  XL  No.  3,  f.  2  and  3,  h).  In  the  other  orders,  the  pleurs 
and  parapleune  are  not  separated,  but  form  one  single  plate.  In  the 
ZHptera  peculiar  interest  attaches  to  it,  from  the  remarkable  kalieres 
being  seated  there.  They  originate  frequently  in  a  stalk  (tUpes),  as  fine 
as  a  hair,  from  the  anterior  margin  of  the  pleurse,  and  shortly  terminate 
in  sometimes  a  round,  and  at  others  a  compressed  knob  (capitulum)* 
They  frequently  stand  quite  free,  and  are  then  called  naked  {haiieres 
nudi),  or  else  they  are  covered  by  one  or  two  delicate  6Cales  (squama), 
which  are  attached  to  the  mesothoraK,  and  extend  from  its  margin 
upwards  to  the  scntellum,  and  are  doubtlessly  analogous  to  the  previ- 
ously described  yrtfAfiiii  of  the  other  orders.  We  have  not  yet  attained 
any  very  distinct  idea  of  the  import  of  the  halteres ;  but  this  is  not  the 
place  to  introduce  an  investigation  of  the  subject;  we  re£er  to  the 
proper  place,  in  the  second  and  third  divisions,  for  much  that  applies 
to  it. 

*  Without  this  Mmowhat  foraed  view,  it  would  be  mroely  poitible  to  espUin  the 
oonstniction  of  the  tkoiax  in  the  Xt&fAuZa.  We  must  imagine  the  feet  to  be  dnvn 
forwards,  wbiUt  the  bapk  and  the  wings  project  posteriorly,  whereby  the  pvapleum  are 
advanced  in  front  of  the  pleune,  and  these  united  posteriorly  into  one  piece. 
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§  78  a. 


After  haviiig  thus  explained  the  ooBstnictioa  of  the  thorax  in  the 
difcfcut  OTden  of  insects,  it  remains  for  us  now  to  notice  the  works 
of  other  naturalists  upon  the  same  subject^  and  to  indicate  the  differ- 
ence of  the  results  of  their  investigations. 

The  earliest  work  of  this  kind  is  that  of  Chabrier ;  it  appeared  as 
Uie  introduetion  to  his  treatise  upon  the  flight  of  insects  *,  which  was 
pMsenSed  to  the  academy  of  Paris  on  the  28th  of  February^  1820.  He 
hne,  with  Latreille,  divides  the  thorax  into  prothoreue,  meioiharcut, 
sad  iMtaihorax,  but  unites  the  two  last  divisions  as  tiyme  aiifh^. 
Each  of  these  segments  is  subdivided  into  the  upper^  or  dobbal,  and 
imder,  or  psctobal,  part ;  called  also  conque  pectorale,  from  which 
prooeaws,  the  eniosiemum,  spring  inwards.  Between  both,  upon  the 
metathorax,  are  found  the  cLwicules  thoradques;  and  upon  the  meso- 
thorax,  the  plaquea  fidcralea^  The  partitions,  or  phragmae,  he  describes 
u  prm^  and  poU'dorsum  ;  and  he  calls  the  scutellum,  bascule.  He 
consequently  adepts  as  many  pieces  as  we  have  described :  the  annexed 
tsUe  will  show  more  distinctly  their  conformity. 

was  succeeded  by  Audouin  in  a  similar  investigation,  in 
I,  however,  the  chief  object  was  the  particular  description  of  the 
itemum.  This  was  also  presented  to  the  academy,  and  a  report  of  it 
was  given  by  Guvier,  in  the  Annales  06n^les  de  Physique,  torn.  vii. 
(1831 1).  He  has  here  adopted,  in  general,  the  same  parts ;  but  eack 
ao^e  one  is  divided  into  several  pieces,  with  particular  names,  although 
nidi  pieces  are  never  found  separated  from  each  other.  It  may  also 
be  objected  to  Audouin's  performance,  that  he  has  not  distinguished 
the  seferal  dorsal  and  pectoral  plates  of  the  three  s^^ents  by  distinct 
nsmes,  but  has  merely  called  them  terga  and  pm^ra.  We  cannot, 
therefore,  retain  his  nomenclature.  But  Audouin  admits  of  three  seg- 
ments, which  he  calls  pro'y  meso^^  and  meta'tharax ;  each  consists  of 
iergwBh  epittenMim,  $iemttm,  and  entoihorcur  ;  to  which  are  added,  in 
the  prothorax,  the  trochantinus  and  the  peritrema;  in  the  meso- 
tborax,  the  peritrema  and  paraptera;  and  in  the  metathorax,  the 
parapierym  only.  Eadi  tergvm  consists  of  the  pneecuttrnkf  or  the 
aDterior  deflexed  margin,  which,  in  the  mesonotum,  becomes  the  pro- 

*  Euay  rar  k  Vol.  det  Inaectes.     Parit,  1832,  4to. 
t  Aodonin  himwlf  publiahed  the  paper  in  the  Annales  des  Sdoncei  NatimUes,  torn.  i. 
^  97,  and  p.  416. 
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phragma^  and^  in  tbe  znetanotum^  the  mesophragma ;  the  sculum^  the 
disc  of  each  dorsal  plate ;  the  scutellum,  or  the  posterior  margin ;  and 
the  posiscutellum,  the  posterior  deflexed  margin^  which,  in  the  mesc^ 
notum,  becomes  sometimes  the  mesophragma,  or,  upon  the  metaaotum, 
it  forms  itself  into  the  metaphragma.  Upon  the  prothorax,  the  epUter" 
num  and  the  epimerum  form  our  omium :  the  former  is  the  exterior 
surface ;  the  latter  the  interior  surface,  directed  towards  the  acetabnla. 
Where  the  shoulder- piece  is  not  free,  they  then  belong  to  the  pronotum, 
and  form  the  lateral  parts.  The  Irochantinus  by  no  means  belongs  to 
the  thoracic  case^  but  to  the  coxae  (§  168,  II.  4) ;  the  same  applies  to 
the  peritrema,  which  forms  the  corneous  ring  of  the  spiracle.  The 
entothorax  is  what  we  shall  describe  below  (§  165)  as  the  processus 
intemus  stemi ;  it  is  in  strict  union  with  the  sternal  plate,  and  is 
never  free  or  separated  from  it.  I  do  not  distinctly  know  what  the 
parapterum  is ;  probably  a  lateral  process  of  the  dorsal  plate.  I  have 
never  found  a  free  portion  in  that  situation.  In  the  mesothorax,  the 
epistemum  and  epimerum  are  our  scapulae :  but  upon  the  metathorax, 
the  parapleurae. 

After  Audouin,  Straus-Durckheim  *  and  Macleay  f  both  produced, 
nearly  about  the  same  time,  a  work  upon  the  thorax  of  insects :  the 
description  of  the  latter  adheres  very  closely  to  that  of  Audouin. 
He  uses  the  same  names  and  adopts  the  same  parts ;  but  in  his  sub- 
division of  them«  he  goes  still  further^  mthout  there  being  a  sufficient 
reason  for  it.  For  example,  the  sternal  plates  of  the  meso-  and  meta- 
thorax, he  says,  consist  each  of  eight  pieces,  although  in  no  insect  with 
which  I  am  acquainted  is  there  the  least  indication  of  any  other  sepa- 
ration than  the  above-adduced  division  into  two  halves. 

Straus-Dnrckheim  pursues  in  his  description  of  the  thorax,  as  well 
as  throughout  his  work,  a  peculiar  path,  without  troubling  himself  in 
the  least  about  the  labours  of  his  predecessors.  He  divides  the  whole 
thorax  into  corselet  and  thorax,  the  latter  comprising  that  portion 
which  bears  the  wings;  this  is  again  divided  into  proihorax  (our 
mesothorax)  and  metathorax.  The  corselet  consists  of  the  bouclier, 
our  pronotum;  the  two  pubis,  the  rotule,  Audouin's  trochantinus, 
and  the  sternum  antdrieure.  He  distinguishes  in  his  prothorax  the 
ecusson,  our  mesonotum,  the  clavicule  anterieure,  Audouin's   para^ 

4 

*  Consid.  GcD.  sur  TAnat.  comp.  det  Ani.  Artical.  Par.  1828,  4to.  p.  76,  &c. 
t  Zoological  Journal,  Vol.  v,  (1830),  No.  18,  p.  145. 
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pterunij  a  part  unknown  to  me ;  the  ties  or  ilialiqueSy  our  scapula,  and 
the  Mlemum  moyen^  our  mesostemum.  His  metathm^ax  consists  of  the 
clipeus,  our  metanotum ;  the  clavicule  posiMeure,  a  part  which  I  also 
could  not  find,  and  which  I  consider  to  he  either  a  mere  process  of  the 
metanotum,  or  one  of  the  joint  pieces  at  the  root  of  the  wing  ;  the  two 
isehion,  our  pleura  and  parapleura ;  and  lastly,  the  siemutn  postirieure, 
onr  metaHemum,  He  also  takes  notice  of  the  corneous  rings  of  the 
spiracles,  as  parts  of  the  thorax,  and  which  are  seated  in  the  articu- 
latory  membrane  of  it :  he  calls  them  cadres. 

The  description  is  good  and  praiseworthy,  like  all  the  works  of  the 
skilful  Straus ;  but  the  French  names  which  he  adopts  must  give  place 
to  the  partially  older  Greek  ones. 

In  a  oomparatiTe  view  of  the  number  of  the  thoracic  pieces  named 
by  different  authors,  we  find  that  Knoch  has  twelve,  Kirby  and 
Spence,  twenty,  Chahrier  and  myself,  eighteen,  Audouin,  thirty-six, 
of  which  Macleay  makes  fifty-two,  by  the  separation  of  each  dorsal 
plate  into  four  pieces ;  and  Straus-Durckheim,  twenty-two,  because, 
besides  the  eighteen  described  ones,  he  adopts  a  clavicule  to  both  the 
meso-  and  meta-notum. 

The  annexed  table  gives  a  precise  comparative  view  of  the  nomen- 
dature  of  the  several  writers. 
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Organs  of  Motion  upon  thb  Thorax. 

A.  The  Wings., 
§79. 

Hie  oigans  of  motion  are  of  two  kindsi  either  wings  (a/<s),  or  lbgs 
(pedes). 

The  wings,  generally  four  in  number,  are  placed,  as  we  have  already 
seen,  upon  the  second  and  third  segments  of  the  thorax,  and  united  to 
it  by  means  of  joints  or  an  articulatory  membrane.  They  always 
consist  of  a  double  membrane,  which  is  traversed  by  corneous  veins  or 
BIBS  (neura,  vena,  cosUe)9  and  by  means  of  which  they  are  held 
expanded.  This,  their  general  structure,  suffers  a  variety  of  modifi- 
cations in  the  different  orders,  which  may  be  comprehensively  repre- 
sented in  the  following  table :— * 

I.  Four  wings. 

1.  All  of  similar  structure  and  membranous : 

A.  Of  equal  sise.    Neuroptera  (with  the  exception  of 

the  bmilies  of  the  May-flies),  as  well  as  the  families 
of  the  LibelluUna  and  Termiiina. 

B.  Of  unequal  size.     Hymenoplera,  Lepidopiera,  Phryga' 

neodea,  the  remaining  Diclyoiopteray  and  many  Hemi* 
ptera  homoptera. 

2.  The  anterior  corneous  or  pergamentaoeous,  th/e  posterior 

membranous : 

A.  The  anterior  corneous. 

a.  Entirely  corneous,  Coleoptera. 

b.  Half    corneous,     half   membranous,    Hemiptera 
heteropiera. 

B.  The  anterior  pergamentaoeous.     Orihoptera,  and  some 

Hemiptera  homoptera. 

II.  Two  membranous  wings.     Diplera, 

The  general  observations  which  we  purpose  here  introducing  upon 
the  wings,  will  merely  refer  to  their  number,  situation,  form,  and 
closing.  The  inquiries  into  their  structure,  import,  and  purpose, 
belong  to  other  divisions  of  this  work,  and  will,  consequently,  remain 
untouched  upon  here- 
Very  little  is  to  be  said  upon  their  number ;  sometimes,  and  indeed, 
in  certain  genera  and  species  of  almost  every  orders  they  are  wholly 
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deficient^  more  frequently  only  the  posterior  pair:  thus,  in  all  the 
Dipteray  some  Cimices  and  many  Coleoptera,  but  in  the  majority  of 
cases  there  are  four  distinct  wings  present.  The  deficiency  of  the  first 
pair  has  never  been  observed. 

Their  situation  is  more  certain  than  their  number,  for  wherever  we 
find  wings,  they  are  attached  to  the  second  and  third  segments  of  the 
thorax,  and,  indeed,  at  its  superior  exterior  dorsal  edges,  close  to  where 
the  dorsal  and  lateral  plates  adjoin.  If  we  find  no  wings  here,  we  can 
speedily  convince  ourselves  whether  the  insect  does  not  possess  them, 
or  whether  it  has  lost  them  by  some  casualty,  which  is  not  of  unfre- 
quent  occurrence.  We  speedily  detect  such  a  mutilation  by  the 
presence  of  the  joint  sockets  and  a  portion  of  the  wings.  Apterous 
insects  entirely  want  the  sockets. 

Before  we  proceed  to  the  consideration  of  the  form  of  the  wings,  we 
must  remind  ourselves  of  the  differences  indicated  in  the  preceding 
table,  as  they  exercise  an  important  influence  upon  the  form  of  the 
iving.  The  homy  or  pergamentaceous  anterior  wings,  namely,  differ 
so  considerably  in  their  whole  structure  from  the  membranous  poste- 
rior wings,  that  they  have  been  very  justly  considered  as  different 
oi^ns,  and  have  been  called  the  wino  cases  {Elytra),  The  whilst 
the  beetle,  or  any  other  insect  which  possesses  elytra,  reposes,  they  lie 
parallel  beside  each  other  upon  the  back  and  abdomen,  and  thus  conceal 
not  only  the  posterior  wings,  but  also  very  generally  the  whole  abdo- 
dem.    It  is  from  this  function  that  they  derive  their  name. 

We  distinguish  in  the  elytra  their  base  {basis),  the  part  by  which 
they  are  attached  to  the  thorax,  and  the  opposite  extremity,  the  apex  : 
then  the  maboins  and  the  inner  ones,  which  lie  contiguous,  and  which 
we  call  the  suture.  Should  the  posterior  wings  be  wanting,  the  union 
of  the  elytra  i^  generally  so  strict,  that  it  requires  great  force  to  sepa- 
rate them ;  such  elytra  are  called  connate  (Elytra  connata).  The 
angles  are  thus  distinguished,  the  superior  exterior  one,  as  shoulder 
angle  {angulus  humeralis),  the  interior  one,  as  the  angulus  sctUeU 
laris. 

The  most  usual  form  of  the  elytra  is  the  longitudinal  extended,  we 
might  almost  say  oblong,  did  not  the  exterior  bowed  margin  very 
generally  join  the  sutural  margin,  a  ta  pointed  angle,  or  by  its  rounding 
very  gradually  pass  into  it.  The  upper  surface  is  convex,  the  under 
concave;  the  exterior  margin  is  very  generally  deflexed,  and  often 
forms  on  the  exterior  a  sharp  edge« 
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Tlie  ibllowing  are  the  chief  differences  of  the  elytra : — 

Truncatbd  {(rtmeatd)/zn  such  elytra  which  are  a  little  shorter 
than  the  abdomeii. 

Abbrbviatsd  (abbreviata)y  when  they  cover  but  a  little  more 
than  its  half. 

OnmuATB  (difnidiata\  when  exactly  half  as  long  as  the  abdomen. 

Sbokt  (bremssima),  when  they  are  not  half  the  length  of  the  abdo- 
men. 

M OTiLATBD  (muHkUa),  are  those  which  cover  only  a  portion  of 
the  abdomoiy  yet  more  than  the  half,  but  less  than  the  apex ;  they  arey 
eonseqnently,  longer  than  the  shobt  and  shorter  than  the  TBUNCATBn 
elytra  (ApHnus). 

Fastigiatb  {Jastigiata),  are  such  which  extend  a  little  beyond  the 
•pex  of  the  abdomen. 

Entibk  (integra),  when  they  are  exactly  the  length  of  the  abdc^ 
men,  and  display  no  distinguishing  peculiarity  of  form. 

AuBicux^TE  (aurktUata)^  are  those  which  have  at  their  humeral 
sngie  a  peculiar,  free  appendage  {Lycus,  Ccusida.) 

SuBULATB  (  subulata),  are  those  which  gradually  decrease  towards 
their  apex,  and  which  leave,  both  upon  the  sutural  and  exterior  margins, 
s  portion  of  the  abdomen  uncovered  {Necydalis,  Fabr.) 

Elomoatb  (eUmgnta),  ate  those  which  are  much  longer  than  the 
abdomen. 

Dbhiscbnt  {dehiscentia),  when  the  suture  is  somewhat  divergent 
it  the  apex. 

AvPLiATB  (ampHata,  s,  amplificata),  when  the  edge  of  the  exte- 
rior margin  is  very  high  and  prominent  {Dyticus  laHs$imus,) 

CoMPLiCANT  (complicantia),  when  one  elytra  extends  over  the 
other,  and  partially  covers  it  (Meioe). 

According  to  their  inclination  we  distinguish 

EvBN  (plana)  elytra^  the  whole  superficies  of  which  is  upon  one 
plane. 

Deflbxbo  {defiexa),  when  the  vicinity  of  the  suture  lies  higher 
than  the  exterior  margin ;  sometimes  they  rise  into  a  p3rramid,  called 

TuRBBTBD  (iurrUa),  or  they  are  very  convex  in  the  centre,  vis. 
Gibbous  (gibba). 

Both  the  elytra  together  are  called  the  sheath  or  covering  (coleop^ 
iera),  and  each  single  one  a  wing  case  (efytrum). 
The  differences  of  surface  have  been  already  sufficiently  described  at 
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Mction  19,  for  ahnost  aQ*the  differenoes  of  form  there  Bamed  ere  to 
be  found  in  elytra.  The  tane  applies  to  the  diiTerenoes  of  margin^ 
hot  with  greater  limitation. 

Their  dotbing,  also,  ie  ao  variously  different,  that  scarcely  any 
descriptioa  of  it  is  found  upon  the  insect  body,  which  docs  not  also 
occur  upon  the  elytra ;  we,  therefore,  here  again  refer  to  the  General 
Orismology. 

The  hemelytra,  or  half  corneous  wing-cases  of  the  HemipUru 
heteroptera,  have  most  qualities  in  common  with  the  entirely  homy 
elytra*  In  the  majority  we  can  distinguish  four  diyisions  separated 
by  furrows,  the  first  three  of  which  are  horny,  but  the  fboith  fenns 
the  membranous  portion.  The  firsts  the  nail,  (  Clonus,  PI.  XV .  f .  ] .  o), 
is  a  longitudinal  almost  parallelly  sided  piece,  situated  at  the  interior 
margin,  contiguous  to  the  scutellum,  and,  in  repose,  partially  passing  its 
sharp  edge  beneath  it ;  dose  to  this,  upon  the  exterior,  lies  the  hsm- 
BLTTRuu  (PL  XV.  f.  1,  6),  which  is  the  largest  of  all  the  divisions, 
and  forms  a  triai^lar  homy  piece,  which  enters  the  mcaothorax  with 
its  anterior  acute  angle.  The  appbndix  (PL  XV.  f.  1. 1),  which  is 
frequently  wanting,  follows  the  hbmblttrum  ;  it  is  likewise  a  trian- 
gular, but  much  smaller,  and  often  right  angular  horny  plate,  the 
right  angle  of  which  is  contiguous  to  the  exterior  margin  of  the  hem* 
elytra,  so  that  the  hypothenuse  is  turned  towards  the  inner  margin.  The 
fourth  and  last  division  is  attached  to  this,  and  which  is  called  the 
MSMBBAKB  (memhrana,  PL  XV.  f.  1.  J),  from  its  membranous  quality. 
It  is  generally  of  a  rhomboidal  form,  with  obtuse  angles,  or  it  is  ovate, 
but  more  rarely  forming  a  somewhat  reversed  half  moon.  It  likewise 
consists,  like  all  wings  and  wing-cases,  of  a  superior  and  inferior  layer, 
between  which  homy  ribs  pass,  and  distend  it. 

The  pergamentaceous  cases,  called  teomixa,  differ  from  the  true 
elytra,  by  being  less  firm  in  their  substance,  and  from  the  true  wings,  by 
their  greater  strength.  They  are  situated  at  the  same  place  with  the 
elytra  and  hemeljrtra,  and  they  approach  nearer  to  the  latter  in  their 
structure,  but  most  closely  to  the  trae  membranous  wing.  For, 
although  in  the  hemelytra  the  ribs  and  veins  are  more  apparent,  yet 
in  the  tegmina  they  are  so  clearly  developed,  that  they  are  no  longer 
subject  to  doubt.  Lower,  in  the  anatomy,  we  shall  find  that  the  elytra 
also  possess  such  veins,  but  which,  from  the  thickness  of  their  substance, 
do  not  become  prominent. 

In  fwiii,  the  ^tegmina  are  subject  to  greater  differenees  than  the 
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elytra  or  hemelytra ;  £or  sometimes  they  are  shorter  than  the  bodr, 
brasd^  ovate  {Gryllotalpa) ;  sometimes  as  long,  with  parallel  sides, 
roDDded  (BlaUa)  ;  sometimes  longer,  very  slender,  acute,  and  narrowed 
St  the  base  ( GryUnu,  Fabr.)  ;  and  sometimes  very  wide>  lai^,  and  ellip- 
ticsl  {Mmmiis),  By  means  of  the  veins  originating  from  a  main  stem, 
whidi  furcate  from  the  very  base,  they  are  divided  into  thiee  pvin- 
cipal  sreas;  the  first  of  which,  seated  upon  the  exterior  maigin  (PI.  XV. 
£  2,  a)«  18  in  general  the  narrowest,  and  towards  the  apex  of  the 
tcgmina  contracts  gradually  to  a  point;  it  is  also  usually  of  a  harder 
lubstanoe  than  the  foUowii^.  This  second  piece  (PL  XV.  f.  2,  b) 
lies  eontigaons  to  tke  fimner,  and  is  separated  horn  it  by  the  before- 
mentioned  diflf  vein ;  it  is  the  largest  of  the  three  areas,  embraces  the 
iDijsvfty  o£  the  ramifications  of  the  veins,  becomes  gradually  wider 
tswards  the  apex  of  the  wing,  and  consists  of  a  softer  membrane  than 
the  maiginal  area.  The  third,  or  sutural  area  (PI.  XV.  f.  2,  o),  lies 
mwsrdly  beyond  the  second,  and  it  is  also  harder  than  the  central  area ; 
ia  many  families  it  forms  the  superior  dorsal  covering,  while  the  two 
other  areas  fidl  down  upon  the  sides  of  the  body  (  Gryllodea,  Locuslaria) . 
It  vsries  considerably  in  figure ;  it,  like  the  marginal  area,  is  sometimes 
a  very  pmnted  isosceles  triangle  (  GryUodea) ;  sometimes,  as  in  the  hem- 
elytra,  a  space  surrounding  the  scutellum  (Achetaria) ;  it  also  some- 
times appears  to  be  wanting,  or  not  distinctly  separated  from  the  cen- 
tral area  (Maniodea). 

There  seems  likewise  to  be  some  difference  in  the  ramification  of  the 
Way  veins  throughout  these  three  areas ;  in  the  marginal  one  they  are 
uiaU,  broad,  multitudinously  divided  veins,  which  appear  to  spread 
from  two  or  three  radiating  main  branches.  In  the  central  area,  the 
large  stems  spread  more  paiallelly  from  the  inner  side  of  the  chief  stem, 
which  separates  them ;  the- transverse  veins  also  run  parallel  and  thus 
divide  the  whole  area  into  small  squares.  In  the  inner  area,  lastly,  the 
veins  are  most  delicate,  and  ramify  variously  on  all  sides^  whereby  an 
inegukr  reticulation  is  formed. 

§  80. 

The  mere  membranous  wings  (aUe)  distinctly  differ  firom  the  pre- 
oediag  oigans  by  their  transparency,  and  purely  membranous  nature. 
In  reqwct  to  their  situation  and  general  function,  they  perfectly  agree 
with  the  finrmer ;  but  the  wings  are  exclusively  organs  of  flight,  while 
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the  different  kinds  of  elytra  have  the  additional  purpose  of  covering 
the  soft  upper  part  of  the  abdomen.  Therefore  all  insects  provided 
with  wings  only  are  entirely  inclosed  in  a  hard  case,  and^  although 
they  possess  wings^  are  equally  unprovided  with  a  protection  against 
exterior  influences^  as  those  genera  and  species  which  have  no  wings. 

The  observations  we  are  about  to  make  upon  the  wings  will  refer  to 
their  exterior  perceptible  construction,  and  their  different  forms  and 
clothing.  The  investigation  into  their  progressive  conformation,  their 
internal  coherence,  their  functions,  &c.,  belong  to  other  divisions,  and 
will  be  treated  upon  in  the  proper  place. 

In  outward  appearance,  the  wings  present  themselves  as  flexible,  but 
firm,  dry  membranes,  which  are  traversed  by  various  horny  ribs.  These 
RIBS  {costa),  or  more  properly  vbins  (nerv^e),  as  they  are,  in  fact, 
vessels,  but  incorrectly  called  nerves  (nerva),  arise  all  from  the  roots 
of  the  wing,  and  through  their  main  branches,  of  which  we  usually 
observe  two  or  three,  they  are  connected  with  the  thorax  by  articulation. 
The  first  and  most  exterior  of  these  veins  is  called  the  marginal  rib 
{costa  marginalis,  PI.  XV.  a,  a),  or,  by  pre-eminence,  the  rib  (cosld), 
which  forms  its  anterior  margin  when  expanded^  and  extends  from 
the  base  to  the  apex.  Jurine,  who  made  use  of  particular  names  to  indi« 
cate  the  veins  of  the  wings  of  the  Hymenoptera,  calls  it  radius;  and  a 
homy  expansion  of  it  in  its  course,  which  is  particularly  distinct  in  this 
order,  but  which  is  also  observable  in  others,  he  calls  the  point  of  the 
wing  (punclum,  or  carpus)  ;  but  Latreille,  and  Kirby  and  Spence  call  it 
STIGMA  (PL  XV.  f.  4,  /3).  The  second  vein  originates  close  to  the  first, 
and  distinguishes  itself  from  the  rest,  like  the  former,  by  its  superior 
robustness.  Its  course  also  is  in  a  direct  line  towards  the  apex,  but  it 
gradually  diverges  from  the  marginal  vein ;  so  that  the  portion  of  the 
wing  enclosed  by  it,  takes  the  form  of  a  triangle.  Kirby  and  Spence  call 
this  the  postcosta  (PL  XV.  f.  6,  b,  b) ;  Jurine,  cubitus  ;  and  Latreille, 
nervus  intemus.  It  also  ultimately  attains  the  apex  of  the  wing.  It  is 
seldom  simple ;  in  the  majority  of  cases  it  divides  itself  into  branches, 
so  that  the  main  stem  ceases  before  it  attains  the  disc  of  the  wing ;  but 
the  branches  extend  from  the  separation,  either  continuing  simply  to 
the  end  of  the  wing,  or  again  ramifying.  By  means  of  these  ramifica- 
tions, a  varied  net-work  is  produced  upon  the  disc  of  the  wing,  the 
reticulations  of  which  are  tolerably  constant  in  the  several  orders, 
families  and  genera,  and  is  therefore  of  importance  for  the  determina- 
tion and  distinction  of  the  groups.   .The  spaces  enclosed  by  these  veins 
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are  called  abxolbts  (areoldp),  or  cells  (ceU/uke^  Jurine) ;  and  those 
lying  close  to  the  marginal  rib  are  called  marginal  abbolets  (areoUe 
nuxrginaUs,  PI.  XV.  d,  d) ;  Jurine's^  ceUuUe  radiales  ;  those  succeeding 
to  them,  and  formed  by  the  postcosta  and  its  branches^  submaroinal 
ARB0LBT8  {artoUs  subtnarginaUsj  PI.  XV.  e,  e) ;  cellula  cubitalei  of 
Juriae.  The  transverse  veins  which  branch  from  the  longitudinal 
nervures  of  the  main  stems^  are  called  the  connbctino  veins  (vefue 
anastamosu),  or  nervi  recurrentes  of  Jurine.  The  areolets  seated 
at  the  end  of  the  wing,  and,  sometimes  not  quite  closed,  are  called 
IMPERFECT  {areoliB  imperfecta^  PI.  XY.fyf),  or  celluUe  incom- 
pleUe  of  Jurine.  The  appended  cell  {cellula  appendicea)  of  the 
same  author  is  a  small,  almost  triangular  areolet,  situated  at  the  apex 
of  the  wing,  which  is  formed  by  the  furcate  division  of  the  vein  spring- 
ing from  the  stigma  (in  many  genera  of  the  Tenthredonodea ;  for 
example,  Perga,  &c.). 

The  space  behind  the  second  principal  vein  of  the  wing  is  its  third 
and  last  chief  areolet,  which,  in  many  cases  {Htfmenoptera),  is  ante- 
riorly limited  by  a  peculiar,  slight  vein,  originating  near  the  second 
principal  one ;  and  this  areolet  extends  to  about  the  middle  of  the 
margin  of  the  posterior  wing.  Several  other  veins  and  areolets  {nervi 
et  cellulof  hrachicUeSf  Jurine)  are  found  within  this  space,  which,  as 
they  do  not  vary  much  in  large  groups,  are  consequently  of  less 
importance  for  the  determination  of  genera. 

In  the  membranous  wings  we  also  find  the  same  distribution  into 
three  chief  areolets  which  we  have  already  indicated  in  the  tq^infi, 
and  we  here  distinguish  them,  with  Kirby,  as  the  marginal  arbolet 
{area  costalis  eive  marginalis),  cuvTBAh  areolet  {area  discoidalis  s. 
intermedia),  and  postbbior  areolet  {area  analis  s.  posterior).  In 
repose,  during  which  the  wings  lie  parallely  upon  the  body,  the  poste- 
rior areolet  passes  beneath  the  central  one,  turning  upon  its  limitary 
vein,  like  a  door  upon  its  hinge.  In  those  orders,  however,  in  which  we 
meet  with  elytra,  or  an  analogous  structure,  the  inferior  wings  are  folded 
in  several  directions.  Thus,  in  the  beetles,  the  whole  apex  of  the  wing 
is  very  generally  folded  from  the  stigma  back  towards  the  base,  or  the 
whole  wing,  from  this  point,  folds  itself  like  a  fan  (Forficula),  or  this 
plication  originates  from  the  base  of  the  wing,  according  to  the  direction 
of  the  radiating  veins  (Orthoptera), 

The  preceding  general  description  treats  chiefly  of  the  anterior  wings; 
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but  it  will  equally  apply  to  the  posterior  ones,  when  they  are  of  tbe 
size  and  quality  as  the  former  (see  the  table,  §  79).  Where  the  poste- 
rior wings  differ  in  form  from  the  anterior,  they  are  in  general  smaller 
"-often,  however,  broader,  if  not  longer.  It  is  chiefly  in  the  Orthoptera 
that  we  observe  this  more  significant  size  of  the  posterior  wings ;  in 
these  they  are  sometimes  even  longer  than  the  anterior,  and  extend 
beyond  them  ( Gryllotalpa) ;  it  is  the  same  in  some  beetles  with  short 
elytra  (Necydalis,  Atractocerus).  In  general,  however,  the  true  wings 
of  an  Order  are  perfectly  uniform  in  structure,  although  their  veins 
ramify  differently,  and,  this  also  applies  more  generally  to  the  pos- 
terior wings,  which  less  distinctly  show  the  above-described  separation 
into  three  principal  areolets,  although,  upon  a  careful  inspection,  these 
would  not  be  found  deficient  in  them. 

The  following  are  the  most  important  orismological  definitions  of  the 
wings: — 

The  ANTERIOR  wiNQS  (ttUiB  anteriores)  are  those  attached  to  the 
second  thoracic  segment;  they  are  also  called  superior  (al,  supe- 
rior§i)  from  their  covering  the  posterior  ones  in  repose ;  or,  the  first 
{primaria)  from  their  preceding  the  others  in  flight.  The  posterior 
wings  have  had,  from  opposite  reasons,  opposite  names  applied  to  them, 
as  al.  posteriores,  ah  inferiores,  and  aL  sevundarue.  In  each  wing  we 
distinguish,  as  the  antbrior  margin  {margo  anterior),  or  exterior 
MARGIN  {margo  exteimus),  that  margin  which,  in  flight,  lies  in  the 
direction  of  the  head ;  that  opposed  to  it  as  the  inner  margin  (m. 
ifUemwi) ;  the  third,  generally  taking  the  direction  of  an  obtuse  angle, 
with  regard  to  its  situation  as  to  the  others,  is  called  the  posterior 
MARGIN  (nu  posterior).  The  angles  formed  by  these  margins  at  their 
point  of  contact,  receive  the  following  names : — the  anterior  angle 
(angulua  anterior)  is  that  at  the  apex  of  the  wing,  formed  by  the  ante- 
rior and  posterior  margins ;  the  posterior  angle  is  that  formed  by 
the  contact  of  the  posterior  and  interior  margins.  We  have  already 
made  mention  of  the  humeral  and  scutellar  angles. 

The  general  outline  of  the  wings  is  distinguished  according  to  its 
ibrm;  the  following  terms  are  used  to  express  them: — falcate 
{fakatcB,  PI.  XV.  f.  12)  are  wings  whose  anterior  margin  forms  a  circle 
bending  outwards,  and  their  posterior  margin  is  also  directed  forwards 
(many  Lepidoptera). 

Tailed  {caudaia,  PL  XV.  f.  13)  are  those  which  have  a  long  and 
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n$mm  appendage  extending  from  the  internal  margin.  This  form  is 
fbond  chiefly  in  the  posterior  wings  of  the  butterflies  (Pap.  Machaon, 
PodaUrius^  &c.). 

DiGiTATS  (digitata,  PL  XV.  f.  14)  is  a  wing,  which  has  its  other- 
wise undivided  surface  indented  with  deep  incisions  between  the  ribs 
or  veins  (Omeodes). 

Besides  these  outlines^  which  are  peculiar  to  the  wings,  we  likewise 
find  in  them  the  majority  of  the  differences  mentioned  in  §  18. 

The  same  applies  to  the  differences  of  margin ;  we  therefore  refer 
to  §20. 

The  surface  of  the  true  wings  is  subjected  to  but  few  changes ;  in 
general  it  is  a  smooth  skin^  with  here  and  there  some  hair  spread  over 
it  (in  many  Diptera,  for  example,  Psychoda).  In  one  ordeT,  however^ 
(Xh^Lepidopterd),  the  general  law  prevails  for  their  being  clothed  with 
^ttened  scales  {ala  squamosce). 

The  situation  of  the  wings  in  repose  is  much  more  various  in  pecu- 
liarities. We  proceed  to  the  consideration  of  these  differences^  and 
thereby  form  a  conclusion  to  the  investigation  we  have  here  made  upon 
these  organs. 

Even  {ake  plarue),  are  those  wings  which^  in  a  state  of  repose, 
preserve  the  same  extension  as  when  in  motion. 

Opposed  to  them  are  the  folded  ^vings  (plicatce).  By  this  term 
we  understand  such  as  are  longitudinally  folded  in  repose,  like  a  fan, 
and  expand  only  during  flight  into  a  uniform  surface  (Orthoptera), 
We  consider  such  wings  as  re-folded  (replicates),  when  their  apex 
fails  liack  upon  the  base. 

Ck>NVOLUTED  wings  (a/,  convoluta),  are  such  which  embrace  the 
body  from  above  downwards,  and  enclose  it  as  in  a  tube  (Crambus). 

Incumbent  (incumbentes),  when,  lying  parallely  upon  each  other, 
they  cover  the  abdomen  above  {Tenthredo), 

Crossed  (cruciaias),  are  those  incumbent  wings  which  pass  over 
each  other  only  at  their  apex  (many  Bees,  the  hemelytra  of  the  Hemi^ 
ptera  heteroptera). 

Horizontal  (horizontales),  whose  direction  is  in  the  same  plane 
with  that  of  the  body.  The  reverse  of  these  are  the  erect  wings 
(erecttje),  whose  line  of  direction  is  perpendicular  to  the  plane  of  the 
body  {Papilio). 

Extended  (extensas),  form  also  in  their  direction  a  right  angle  with 
the  body,  but  lie  in  the  same  plane  with  it ;  from  these  we  must  dis- 

H  2 
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tinguish  the  open  wings  (jtatentes)  by  the  angle  which  they  form  with 
the  axis  of  the  body,  being  at  least  of  45^  ( Tabanus,  Musca,  &c.)*  The 
ERECT-OPEN  wings  {erect€B  patentes)  do  not  lie  in  the  same  plane  with 
the  body,  but  cut  it  at  an  angle  of  less  than  45^  (some  Lepidopteray  for 
example,  Hesperia)» 

CoNNiVENT  (conniventes),  are  such  wings  which,  in  repose,  perfectly 
unite  with  each  other  at  their  corresponding  margins  {Papilio) ; 
DIVARICATED  {divavicatcB) ,  are  such  which  only  partially  cover  each 
other  {Agrion), 

Deflexed  {deflexai),  are  such  which,  with  their  internal  margin, 
meet  at  an  acute  angle,  and  so  cover  the  body  (many  Noctuce)  ;  from 
them  must  be  distinguished  the  reversed  wings  (reversa)  by  this, 
that  the  anterior  margin  of  the  posterior  wing  projects  beyond  the 
same  part  of  the  anterior  wing  {Gastrophaga  alnifolia)  ;  this  is  also 
often  the  case  in  the  open  wings. 

B.  The  Legs. 
§  81. 

The  other  chief  organs  of  motion,  the  legs  {pedes),  are  distinguished 
from  the  wings  in  a  multitude  of  ways,  in  form  and  number,  as  well  as 
in  their  function. 

In  number,  they  exceed  that  of  the  wings  by  one-half;  for  although 
we  never  observe  more  than  four  wings,  we  constantly  find,  in  perfect 
insects,  six  legs.  These  six  1^  are  placed  in  pairs  upon  the  lower 
part  of  each  of  the  three  segments  of  the  thorax,  and  consist  of  many 
joints,  to  the  observation  of  which  we  now  pass. 

We  have  already  become  acquainted  with  the  agetabula  {ace^ 
tahula)  upon  the  segments  or  plates  of  the  breast,  for  the  reception 
of  the  legs. 

I.  These  cavities  receive  pieces  formed  exactly  to  their  dimensions, 
frequently  conical,  or  more  longitudinal  and  rounded,  called  the  hips 
(coxa,  PI.  XVI.  f.  1,  a).  Surrounded  and  enclosed  by  a  corneous 
substance,  it  has^  only  at  each  of  its  opposed  ends,  an  opening  for  the 
passage  of  the  muscles  wliich  unite  it  to  the  surrounding  parts.  This 
typical  form  of  structure  is  somewhat  modified  by  the  closer  or  looser 
union  of  the  coxae  with  the  thorax ;  so  that  it  appears  sometimes  as  a 
cone  truncated  at  its  apex,  and  then  attached  to  the  thorax  by  the 
whole  of  its  basal  surface  {Diptera,  Lepidoptera,  Hymenoptera,  &c.); 
and  sometimes  moves  itself  freely  in  a  proportionate  cavity  of  the 
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thorax^  to  which  it  is  affixed  by  a  single  small  spot  (many  CoUoptera) ; 
and  sometimes,  lastly,  it  displays  itself  more  flattened,  in  which  case 
it  is  affixed  to  the  thorax  by  a  firmer  and  closer  union,  which  admits 
of  no  free  motion  (for  example,  tlie  posterior  ooxie  of  Dyticus^  Bu' 
preatU,  &c.)'  In  this  last  case,  frequently  also  in  the  first,  the 
ooxs  appear  to  belong  more  strictly  to  the  thorax  than  to  the  legs,  as 
they  stand  in  much  more  intimate  connection  with  the  fnrmer  than  with 
the  latter ;  but  their  very  general  free  motion  speaks  strongly  against 
the  adoption  of  this  opinion. 

II.  A  much  smaller  corneous  piece,  the  trochantbb  (PL  XVI. 
f.  1,  6),  stands  in  moveable  connection  with  the  coxa.  The  form  of 
this  part  is  subject  to  many  changes;  we  sometimes  find  it  quite 
annular,  with  surrounding,  equally  high  sides ;  sometimes  compressed 
and  obliquely  truncated,  or  prolonged  into  a  lateral  point  {CarahtUy 
Dyticus).  This  form  is  found  chiefly  among  the  beetles;  in  other 
orders  (the  Dipteral  for  example)  it  has  very  generally  the  annular 
form.  In  these  orders,  the  articulation  of  the  coxs  consists  only  of  a 
firm  menabrane ;  but  in  the  former,  ball-joints  appear  to  be  fitted  to 
corresponding  sockets,  whereby  the  strength  of  the  union  is  very  much 
increased. 

III.  The  trochanter  is  succeeded  by  the  thigh  (femur ^  PL  XVI. 
f.  1,  c),  which  is  the  largest  joint  of  the  leg.  It  is  generally  of  a  cylin- 
drical, but  not  always  equally  thick,  frequently  knobby  or  clavate, 
form.  It  is  very  often  much  longer  than  the  two  first  joints  toge- 
ther ;  in  general  also  longer  than  the  following,  but  always  thicker  and 
more  robust.  Besides  this  roundish  form,  we  also  observe  angular,  pris- 
matic, parallelopipedal,  flat,  very  much  compressed,  and  provided  with 
a  longitudinal  furrow,  or  even  globose  and  elliptical  forms.  Its  union 
with  the  trochanter  is  sometimes  very  close,  at  others  looser.  We  meet 
with  its  firm  conjunction  in  the  Coleoptera.  In  these  the  motion  of 
the  thigh  appears  to  be  very  limited,  and  in  general  the  trochanter 
moves  in  the  articulation  upon  the  coxa?,  when  the  thigh  is  touched ; 
it  is  diflTerent  in  the  Diptera,  in  which  the  freer  union  of  both  admits  of 
greater  motion.  The  upper  surface  of  the  thigh  is  like  that  of  the  coxa 
and  trochanter,  generally  smooth ;  but  its  margins  are  not  rarely  armed, 
sometimes  with  solitary  spines,  sometimes  with  hair,  or  with  long  cilia. 
Some  have  broad  lobate  appendages  ( Trachusa  lobata^  Mantis  oratoria). 
We  do  not  usually  observe  such  processes  upon  the  two  first  joints,  for 
coxae  armed  with  a  spine  belong  to  the  rarer  exceptions;  these  we 
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observe  among  some  of  the  Ichneumons  {Ich.  melanogonus,  6rav. ; 
Pimpla  mesacentra,  Grav.) 

IV.  The  fourth  joint  of  the  leg  is  the  shin  {tibia,  PL  XVI.  f.  1,  rf.) 
But  in  the  same  way  as  the  thigh  is  united  to  the  hip  through  the 
medium  of  the  trochanter^  so  is  the  shin  connected  with  the  thigh,  viz.  by 
ginglymus^  but  in  a  reversed  direction,  for  whilst  in  the  former  articu- 
lation the  shanks  are  directed  upwards,  in  the  latter  it  is  the  apex. 
With  respect  to  its  form,  it  is  very  generally  as  long  as  the  thigh,  and 
it  is  equally  often  thinner  and  more  slightly  framed.  Notwithstanding 
which,  we  observe  more  differences  in  the  tibia  than  in  the  thigh  ;  it  is 
found  conical,  tubular,  triangular,  quadrangular,  compressed  either 
partially  or  entirely,  leaf-shaped,  uneven  and  rough.  It  is  not  unfre- 
quently  that  we  perceive  them  armed  or  clothed  with  spines,  either 
solitary  or  placed  in  rows,  with  very  long  hair,  teeth,  fringe  (tib. 
Jimhriat<B),  and  setae.  Indeed  they  occur  more  frequently  upon  the 
shank  than  upon  the  thigh.  In  form,  however,  it  is  very  much 
regulated  by  that  of  the  thigh,  and  its  structure  appears  to  agree  as 
intimately  as  is  compatible  with  the  preformed  iigure  of  that  joint. 
For  example,  should  the  thigh  be  conical,  the  shank  forms  a  bowt 
which  fits  closely  to  the  cone  (Chalcis),  or  if  the  thigh  be  convex,  the 
shank  then  forms  a  corresponding  inflection.  The  same  is  the  case  in 
raptorious  legs  {Mantis)*  At  the  end  of  the  shin,  and  around  the 
cavities,  wherein  the  foUovinng  joint  articulates,  in  general  we  observe 
some  spines,  which  are  usually  called  spurs  or  terminal  spines 
{Calcaria,  Spicula,  PI.  XVI.  f.  1.  d,  d.)  They  are  indeed  most  fre- 
quently mere  processes  of  the  horny  substance,  but  they  are  sometimes 
articulated,  and  have  a  free  motion  at  the  will  of  the  insect  {Mantis), 
In  this  case  they  form  a  species  of  pincers  {^Hylohius  Abieiis),  which 
assists  the  insect  in  climbing. 

V.  It  is  to  the  shin  that  the  last  division  of  the  leg,  the  foot  {tarsus, 
PL  XVI.  f.  1,  e,)  is  attached.  It  consists  of  a  series  of  consecutive 
joints,  the  first  of  which  is  generally  the  largest,  and  the  following 
gradually  decrease  until  the  last,  which  is  again  longer  than  the  one  by 
which  it  is  preceded.  The  last  is  armed  with  claws  and  appendages  at 
its  termination.  The  connection  of  the  first  with  the  shin  is  also  by 
ginglymus,  and  indeed  the  fork  of  its  two  shanks  point  upwards, 
whereas  the  joints  of  the  foot  itself  are  connected  so  together  that  they 
form  but  one  surface  in  their  union.  The  cavity  of  each  joint  is  placed 
near  the  upper  surface,  often  in  its  very  centre,  and  its  anterior  margin 
is  produced  beyond  it.      By  means  of  this  arrangement,  the  joints 
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can  only  bend  upwards,  but  they  are  allowed  in  many  cases  a  slight 
inflection  downwards. 

The  number  of  the  foot-joints  varies  from  1  to  5.  As  these  numbers 
are  tolerably  uniform  in  the  several  families,  and  as  many  insects  closely 
allied  to  them  possess  the  same  number  of  foot-joints,  they  have  been 
used  in  forming  divisions  in  the  several  orders,  which  are  thus  distin- 
guished. 

Pbntambrous  (pentamera),  when  all  the  feet  have  five  joints. 
Cbtpto-psntambrocs  (cryptO'pentamera),  are  those  which  truly 
possess  Fivs  joints,  but  in  which  the  penultimate  is  so  small  that  it 
can  be  perceived  only  upon  the  most  rigid  inspection,  and  by  means  of 
a  lens  (  Cerambf/x).   Kirby  and  Spence  call  this  joint  the  arthriuu. 

HsTBROHEROUS  (heteromero)  ^  when  the  four  anterior  legs  have, 
FivB,  hut  the  two  posterior  ones  only  four  joints. 

Tbtramerous  (Jtetramera),  when  there  are  four  joints  to  all  the 
feet.  The  Crypto*lbtrahbrou8  appear  to  have  but  thrbb  joints, 
the  penultimate  being  very  small  (^Coccinella). 

Trimbrous  (trifnera),  feet  with  three  joints. 

Dimerous  (dmera),  feet  with  two  joints.     And  lastly, 

MoNOMBRouB  (monofnero),  when  the  foot  has  but  one  joint. 

The  different  forms  of  the  whole  foot  as  well  as  of  the  individual 
joints  are  shown  at  §  83. 

§  82. 
Forms  of  the  Legs. 

The  most  simple  form  of  the  legs,  in  which  all  the  joints  have  the 
usual  construction,  and  no  peculiar  qualities  are  displayed  even  by  the 
feet,  is  distinguished  by  the  name  of  oursorious  legs  (pedes  cursorn)^ 
even  in  those  cases  where  the  insect  is  anything  but  a  runner,  and  but 
slowly  moves  about.  The  Carabi  are  the  chief  representatives  of  this 
nirm. 

Ambulatory  (qmbukUorn)^  are  those  whose  feet  have  a  broad  hairy 
sole  (Lamia), 

Oressorious  (gressorn),  are  those  whose  anterior  pair  is  imperfectly 
developed,  whilst  the  rest  are  formed  upon  the  type  of  the  cursorious 
legs.  Sometimes  the  foot  is  wholly  wanting  (Ateaehus,  Lonchophorus, 
PL  XVI.  f.  2) ;  sometimes  all  its  joints  are  small  and  imperfect  (  Vanessoj 
HippaTcUa,  PL  XVI.  f.  3). 

Natatorious  (nataiori\)i  are  the  legs  of  insects  which  live  entirely, 
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or  partially,  in  the  water ;  their  shins  and  feet  are  broadj  compressed, 
and  fringed  on  each  side  with  long  hair  (Dyticus^  Naucorig,  Notonecta) 

Saltatorious  (Saltatorii,  PL  XVI.  f.  5),  are  those  which  have  very 
thick  posterior  thighs,  by  means  of  which  the  insect  is  enabled  to  make 
wide  leaps  (ffalticoj  Orchestes), 

Raptorius  (raptoriij  PI.  XVI.  f.  6),  are  those  whose  shins  and 
feet  in  repose  turn  back  upon  the  thigh,  and  often  pass  into  it  like  a 
knife  within  its  handle  {Mantis,  Syrtis,  Nepa,  Ranaira).  This  struc- 
ture is  found  only  in  the  anterior  legs,  and  somewhat  justifies  their 
being  called  hands,  which  Kirby  and  Spence  proposed,  from  the 
raptorious  legs  serving  to  seize  the  prey  with. 

FossoRious  (Jbssorii,  PL  XVI.  f.  7),  are  those  1^  whose  tibiae,  and 
frequently  feet,  are  very  broad,  and  resemble  a  hand^  serving  the 
insect  to  dig  holes  and  passages  in  the  earth  {Clivina,  Heterocerusy 
Gryllotalpa. 

§  83. 

Forms  of  the  Joints, 

We  must  here,  at  the  conclusion  of  our  notice  of  the  1^,  observe  the 
diffefences  of  the  structure  of  their  joints,  although  we  have  touched 
upon  many  of  their  forms  in  the  preceding  descriptions. 

1.  Hip. — Besides  the  above  noticed  difference,  we  must  distin- 
guish immoveable  hips,  which  are  affixed  to  the  thorax  (for  example 
those  of  Z)y^»cuj,  PI.  IX.  No.  2,  f.  8),  as  fixed  {Jixcb),  and  the  moveable 
ones,  which  turn  in  the  socket,  as  free  {Ubercsy  PL  XII.  No.  '5, 
f.  2  and  3).  These  last  might,  particularly  in  reference  to  their  form, 
be  called  joint  balls  {capita  femorum),  as  the  whole  hip  can  in 
fact  be  nothing  else  than  a  moveable  thigh  ball.  Hips,  beneath  which 
there  is  a  curled  lock  of  hair,  are  called  flocculate  (Jloccai^e,  for 
example  Andrena^  PL  XVI.  f.  8). 

2.  Trochanter. — Kirby  and  Spence  call  it  fulcrant  (Julcrans) 
when  it  is  continued  for  a  space  along  the  thigh,  thereby  strengthening 
its  union  (Carabus,  PI.  XVI.  f.  9).  This  joint  occasionally  consists 
of  two  rings  (for  example,  Pimpla,  PL  XVI.  f.  10),  and  it  is  then 
called  dimerous  {dimerus),  but  it  is  most  usually  monomerous 
(monomerus),  having  but  one  joint. 

3.  Thigh. — We  have  fully  distinguished  its  differences  above. 

4.  Shin. — We  add  the  following  differences  to  those  in  §  81 .  IV. 
PoLiCATB  (poUcata)  is  when  it  is  produced  inside  into  a  short  bent 

spine. 
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Pauiatb  (palmcUa,  PL  XVI.  f.  2),  when  the  whole  shin  U  oom- 
preaaed,  and  upon  its  exterior  margin  there  are  short  but  strong  teetli 
{Huter,  Ateuchus). 

FoLiACEous  (JhUacea,  PI.  XVI.  f.  11)>  when,  instead  of  its  usual 
tubular  form,  the  shin  is  entirely  or  partially  extended  into  a  thin 
homy  plate  {ZAfgatu,  Coreus);  or  Clypeats  (clypeatay  PI.  XVI. 
f.  12),  when  the  enlargement  is  only  upon  one  side,  and  is  slightly 
oonvex  (the  males  of  some  Crahro's). 

ScopATs  (scopaceoy  Pl>  XVI.  f.  13),  is  a  broad  shin,  densely  covered 
with  short  hair  (many  bees).  This,  considered  as  a  distinct  organ, 
Kirby  and  Spence  call  a  brush  (saroihrum). 

5.  Foot. — Of  all  the  divisions  of  the  leg,  the  joints  of  the  feet  are 
subjected  to  the  greatest  varieties  of  form.  Most  frequently  cylindrical^ 
by  the  narrowing  of  the  base  they  gradually  pass  into  the  conical  shape, 
but  even  these  feet  are  somewhat  flattened  beneath,  and  thus  form  a  kind 
of  sole  (for  example  in  Carctbus).  This  kind  of  narrow  sole  has  no 
other  distinction  than  that  it  is  limited  by  two  small  ridges,  which  in 
front  are  produced  into  two  small  spines  (PI.  XVI.  f.  14).  These 
kind  of  feet  are  peculiar  to  those  insects  which  run  upon  rough  and 
especially  horizontal  surfaces  (the  Carabidea)  ;  others,  which  move 
upon  perpendicular  and  moving  objects,  have  flat  broad  joints,  which 
are  provided  %vith  a  peculiar  clasping  apparatus.  Such  flattened  joints 
are  sometimes,  cordate  (PL  XVI.  f.  15),  triangular  (f.  16),  quadrate 
(f.  17),  simple,  or  emarginate  in  front  (f.  15),  sometimes  more  deeply 
divided  and  bilobate  (PI.  XVI.  f.  18).  This  last  form  is  in  the 
majority  of  cases  peculiar  to  the  penultimate  joint  only  (for  example 
in  the  Cerambydna^  as  CalUdium  violaceum)  ;  in  other  cases  several 
are  divided,  for  example,  the  three  first  in  Brachycerus,  the  third  and 
fourth  in  LycuSy  &c.  The  individual  joints  are  nearly  ^ually  long 
and  broad,  but  it  is  not  unusual  for  the  first  to  be  longer  than  the 
following,  and  it  is  then  called,  particularly  when  in  its  general 
Btmcture  it  diverges  from  the  following  (as  in  the  bees),  mekUarsus^ 
The  remaining  equal  joints  then  form  the  toe  {digitits)  or  the  finger 
{daciylus)  ;  they  are  individually  called  the  phalanges,  and  not, 
as  some  writers  presume,  fingers  and  toes.  All  insects  are  conse« 
quently  one-toed  (monodactyla),  the  genus  Xya.  111.  {Tridactylut^ 
Latr.*)  only  having  actually  two  equally  long  toes  (PL  XVI.  f.  19). 

«  See  Charpentier,  Horn  EntomologicB.     Fro/.  1825.  4to.  p.  84  TaK 
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If  the  foot-joints  are  broader  t]ian  long,  and  assume  a  Innate  form, 
and  are  so  closely  attached  together  tliat  the  first  large  one  embraces 
all  the  following  within  its  deep  concavity,  and  the  whole  foot  appears 
to  form  but  one  disc,  it  is  called  patella.  The  males  of  the  genus 
Dytieus  display  this  structure  (PI.  XVI.  f.  23.  a,  b),  the  underside  is 
then  thickly  beset  with  compact  hair,  and  between  which  several  unequal 
cups,  PAT£LLUL£,  are  placed  which  serve  as  organs  of  attachment.  We 
pass  to  this  structure  by  the  enlarged  feet  (tarsi  amplificati) ;  these 
consist  of  heart-shaped  joints,  which  are  also  clothed  beneath  with  brushes 
and  feathers.  But  in  these  we  distinctly  discern  each  individual  joint ; 
indeed  sometimes  they  are  not  all  so,  but  only  some  upon  some  pairs  of 
legs,  for  example  the  first  three  joints  in  the  anterior  pair  of  the  male 
CicindelcB,  (PI.  XVI.  f.  20) ;  the  four  first  inCarabus  (f.  21) ;  and  but 
seldom  only  one  joint  is  dilated  (in  Hydrophilus).  Modern  entomologists 
(Zimmerman,  for  instance*),  call  a  thus  widened  foot  pcdma^  and 
the  single  joints  patella^  which  is  scarcely  admissible  from  the 
above  indicated  definition  of  these  words. 

Compressed  feet  {tarsi  campressi)  stand  in  direct  opposition  to 
the  DEPRESSED  or  flattened  feet  (tarsi  depressi).  We  find  them  most 
fully  formed  among  the  bees.  In  these,  namely,  the  first  joint  is  most 
closely  aflixed  to  the  shin,  and  appears  to  be  but  a  division  of  it, 
whereas  it  properly  belongs  to  the  foot.  The  cause  of  this  structure  is 
to  be  found  in  their  economy ;  for  covered  with  hair,  as  is  also  the  shin 
in  this  case,  it  serves  to  carry  the  pollen  of  flowers.  Such  a  hairy  shin, 
in  conjunction  with  the  first  joint  of  the  foot,  is  called  brush 
(saroihrum)  as  we  mentioned  above.  The  second  kind  of  compressed 
feet  is  peculiar  to  the  water  beetles  (PI.  XVI.  f.  4),  but  here  its  super- 
ficies is  smooth,  and  the  margin  only  occupied  with  a  fringe  of  stiff  setse. 

The  last  joint  of  the  foot  is  particularly  distinguished  from  the  rest  by 
having  at  its  end  two  slightly  bent  moveable  hooks,  which  with  it  form 
a  CLAW  (ung%Us)j}aY  help  of  which  insects  move  upon  smooth  surfaces, 
and  indeed  are  enabled  to  creep  up  perpendicular  walls.  The  hooks 
(ynguiculi)  of  these  claws  are  either  equal  ( Carahusy  f.  24),  unequal 
(AmsopliafrucHcola,  f.  25),  or  round,  compressed,  and  in  this  case  of 
immense  size  (JRutela,  f.  26)  very  generally  they  are  simple  (tm^. 
smpUces),  but  also  bifid  (ung,  bifidi  or  ^sif  Meloe,  Tetraonyx, 
PI.  XVI.  f.  27),  sometimes  armed  beneath  with  one  (JHelohntha, 

*  See  his  Monographie  der  Zabroiden.    Berlin,  1831.  8to. 
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PI.  XVI.  f.  29),  or  several  (Hippobosca,  PL  XVI.  f.  29),  teeth 
(vnguic.  dentaH)y  and  at  others,  the  under-edge  is  toothed  like  a  tmw 
(unguic.  serroH,  or  denticulate,   Calathus^  CisteUij  &c.  PL  XVI.  £.  30). 

Between  these  two  hooks  of  the  tenniiial  joint,  we  pcroeive  in  some 
insects  a  second  smaller  daw^called  tlie  spintiotjs  claw  (jtseudonychia)^ 
hut  bj  Nitzsch  empoimm*  Amofng  the  beetles,  we  find  this  structure 
in  ImtammM  (PL  XVI.  f.  31).  This  claw  perfectly  agrees  with  the 
higer  one  in  its  conformation,  and  consists,  therefore  simikrly  to  this, 
of  a  stalk-like  basal-joint,  at  the  end  of  which  there  are  two  little 
hooks.  In  the  ffymenopterah  Dipterch  and  some  families  of  other 
orders,  we  find  instead  of  them,  soft,  gently  convex,  oblong,  mem- 
branous cushions,  the  soles  (plantua)  otclimbivo  cushions  (aro/ta, 
Nitzsch,  PI.  XVI.  f.  32).  These  attach  like  sucking-cups,  and  there- 
fore the  insects  provided  with  them  (for  example  the  Diptera)  can  run 
lightly  and  securely  upon  vacillating  objects.  We  seldom  observe 
spurious  claws  and  cushions  together  {Laphria,  PI.  XVI.  f.  33) ;  stilly 
more  seldom,  are  both  wanting  as  well  as  the  larger  claws  (^Xenos^ 
PI.  XVL  f.  34). 

The  underside  of  the  foot,  or  sole  {plantd)  has,  when  very  narrow, 
nothing  to  distinguish  it.  But  if  the  foot  is  depressed,  the  sole  has  a 
peculiar  clothing,  which  has  been  called  foot-cushion  {pulviUua).  It 
consists  very  generally  of  short  and  stiff  hair  (^Lamia,  PI.  XVI.  f,S5), 
more  rarely  of  radiating  plumes  (Zabrus,  PI.  XVI.  f.  36),  occasionally  of 
true  fleshy  cushions  (Xenos,  PI.  XVI.  f.  34).  Some  genera  (  Timarcha) 
display  minute  cup-shaped  hollows  in  the  sole,  which  is  then  caUed 
SPONGY  {pL  spongiosch  PI.  XVI.  f.  37).  In  the  majority  of  the  first 
adduced  instances,  the  margin  also  is  covered  with  short  hair. 
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III. — The  Abdomen^ 


§  84. 


The  third  and  last  chief  division  of  the  body  of  an  insect  bears  the 
general  name  of  abdomen.  Notwithstanding  its  being  very  variable  in 
form^  it  does  not  exhibit  an  equal  difference  of  structure^  but  consists 
of  several  consecutive  horny  rings  or  segments,  in  some  cases  merely 
foUowing  upon,  in  others,  retractile  within  each  other.  These  rings 
vary  much  in  number,  but  never  exceed  nine.  Upon  consideration,  we 
shall  remember  that  the  body  of  all  caterpillars  and  undeveloped  insects 
consists  of  thirteen  segments  (§53).  Of  these,  one  constitutes  the 
head,  three  the  thorax,  and,  consequently,  nine  remain  for  the  abdomen. 
These,  however,  are  not  always  present;  frequently,  several  appear 
united  in  one;  and,  more  frequently,  the  last  are  so  completely  covered 
by  the  preceding,  as  wholly  to  escape  observation  upon  a  superficial 
examination.  Sometimes,  also,  the  back  presents  more  divisions  than 
the  belly;  indeed,  in  Carahus  we  observe  nine  distinct  dorsal  divisions, 
whereas,  we  can  distinguish  in  the  venter  but  five.  The  belly  very 
generally  presents  one  less  than  the  back.  We  observe,  also,  a 
difference  of  number  in  the  sexes ;  for,  in  many  Hymenopiera  *,  the 
males  have  seven  and  the  females  but  six  segments.  These  segments 
are  either  simple  homy  rings,  or  else  each  consists  of  a  superior  and 
inferior  half  ring,  which  are  connected  together  at  the  sides  by  means 
of  a  delicate  membrane ;  sometimes  a  longer  or  shorter  free  process  of 
the  superior  half  segment  projects  over  this  point  of  union,  thus 
covering  this  delicate  part  from  all  exterior  injury.  In  the  CoUoptera, 
and,  in  general,  in  such  insects  as  are  provided  with  hard  superior 
wings,  this  structure  is  not  to  be  perceived,  but  the  soft  uniting 
membrane  lies  exposed,  and  even  the  homy  substance  of  the  superior 
half  segment  is  very  small  and  soft,  from  the  very  natural  cause  of  the 
hard  elytra  supplying  the  place  of  all  other  modes  of  protection.  In 
these  orders,  therefore,  the  ventral  portion  of  the  segments  acquire 

*  All  the  AetUeaie  Hymenoptera. — Tr. 
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additional  and  proportional  consistency  and  firmness.  This  part  is 
called  the  belly  (venter)  in  contradistinction  to  the  upper  superficies 
corresponding  with  the  breast^  which  is  named  the  back  (dorsum). 

The  union  between  the  several  superior  and  inferior  segments  is 
effected  in  precisely  the  same  way  as  between  the  upper  and  under 
half  s^ments,  by  means  of  a  soft  membrane.  This  connecting 
membrane  is  perceptible  only  upon  the  back,  and  only  in  those 
instances  where  the  back  is  protected  by  hard  superior  wings  or  wing- 
cases;  in  all  the  rest,  the  posterior  margin  of  each  segment  laps 
over  the  commencement  of  the  succeeding  one,  thus  covering  and 
protecting  the  soft  uniting  membrane.  If  we  observe  the  abdomen  in 
its  most  distended  state,  for  example,  in  a  gravid  female,  it  appears  as 
a  large  membranous  bag,  covered  above  and  beneath  with  equally  broad 
parallel,  transversely  round  and  convex  homy  plates ;  or,  if  the  homy 
substance  be  considered  as  its  fundamental  material,  it  may  be 
compared  to  a  homy  bladder  divided  by  parallel  membranous  girdles, 
and  which  are  also  separated  laterally  by  similar  membranous  stripes 
running  at  right  angles  with  the  transverse  parallels. 

Precisely  at  the  points  of  intersection  of  the  membranous  longitudinal 
and  transverse  stripes,  there  is  placed  on  each  side  a  small  opening 
surrounded  by  a  callous  maipn,  and  which  is  called  the  air-hole, 
STiOMA,  or  SPIRACLE  (stigma,  spiracula),  which  is  the  opening  to 
the  respiratory  organs  ramifying  throughout  the  body.  In  the  usually 
contracted  state  of  the  abdomen,  the  natural  situation  of  these 
spiracles  is  beneath  the  homy  processes  of  the  superior  half  segment  ; 
but  in  the  Cokopiera  with  comeous  elytra,  they  lie  upon  the  upper 
surface  of  the  abdomen  close  to  the  sides,  and  are  equally  protected 
by  those  organs.  These  spiracles,  consequently,  are  in  every  instance 
most  carefully  protected  from  extemal  injuries. 

Other  openings  which  lead  to  the  intestines  and  the  organs  of 
generaticm  we  shall  notice  lower  down. 

The  uniting  membrane  of  the  homy  plates  Kirby  and  Spence 
call  pulnumarium,  from  the  circumstance  of  its  containing  the  com- 
mencement of  the  respiratory  organs ;  but  its  chief  purpose  being 
evidently  the  union  of  the  several  homy  rings,  it  must  also  justly 
thence  be  called  uniting  skin  (conjuncliva).  In  descriptive  entomo- 
logy, however,  it  is  of  but  little  importance,  as  it  is  never  visible,  being 
always  covered  either  by  the  processes  of  the  homy  segments  or  by  the 
wing-cases. 
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With  respect  to  the  general  farm  of  the  abdomen,  it  varies  &• 
extremely,  that  we  can  scarcely  suggest  a  universal  type  of  construction. 
It  is  sometimes  ovate,  longitudinal  or  cylindrical,  sometimes  compressed 
and  angular  or  broad  and  flat ;  but  its  transverse  section  may  alwavs  be 
readily  reduced  to  the  form  of  a  rectangular  triangle,  the  base  of  which 
lies  abovC;  the  apex  pointing  downwards.  It  is  not  possible  to  give  a 
more  definite  determination  to  this  triangle,  for  its  sides  are  sometimes 
straight,  sometimes,  chiefly  the  upper  one,  convex,  sometimes  the 
opposite  sides  form  an  apparent  semicircle,  occasionally  they  bend 
inwards  or  outwards,  &c.  &c. 

The  form  of  the  abdomen  depends  much  upon  the  mode  of  its 
attachment  to  the  thorax.     In  the  majority  of  cases,  for  instance, 
in  the   Coleoptera,    Orthopiera,    Dictyolopiera^   Hemiptera,  and  in 
many  families  of  the  other  orders,  the  abdomen  is  conical,  that  is  to 
say,  it  commences  with  a  broad  base  and  gradually  decreases  towards 
its  apex ;  when  this  broad  base  is  united  by  its  whole  circumference  to 
the  metathorax,  the  abdomen  is  called  sbsbilb.    But  even  a  perfectly 
conical  abdomen,  the  base  of  which  is  jsharply  truncated,  is  sometimes 
connected  with  the  metathorax  by  means  only  of  a  small  portion  of  its 
mai^n  (  Vespa),  This  mode  of  union  between  both  parts  of  the  body  is 
most  perceptible  in  those  insects  whose  first  abdominal  segment  has  the 
form  of  a  thin  tube,  which,  towards  its  apex,  distends  more  or  leas 
trumpet-shaped.     The  succeeding  broader  and  larger  segments  ai« 
united  to  the  first  in  the  same  way  as  among  themselves,  and  by  this 
means  the  either  ovate,  conical,  compressed,  falcate,  flat,  or  longitudinal 
abdomen  appears  as  if,  like  the  leaf  of  a  tree,  it  was  supported  bj 
a  distinct  stalk,  whence  it  has  been  called  by  entomologists  petiolated 
(ab,  peliolaium).      The  tubular   first  segment   itself  is   called  the 
PEDICLE  ipetioltts).     It  is  not  always  a  direct  tube,  but  occasionally 
swollen  into  knots  (pet.  nodosus)^  or  distended  upwards  into  a  thin 
scale  (pet  squamatus).    If  the  second  abdominal  segment  be  of  greater 
compass  than  the  following,  so  that  its  margin  stands  freely  out, 
and  the  succeeding  segment  completely  received  within  it,  the  abdomen 
is  then  called  campanulatb  (ah,  campanulatum,  for  example  Zeihus). 
But  if,  on  the  contrary,  the  abdomen  be  constricted  at  its  commencement, 
and  not  perfectly  petiolated,  as  in  the  Butterflies  and  most  Dipiera, 
it  is  called  coarctate  {ab.  coarctatum). 

In  many  instances,  all  or  individual  segments  of  the  abdomen  hav^ 
peculiar  processes,  which  are  found  sometimes  at  their  sides,  and  which 
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project  as  lappets  (ab.  lobatum),  or  rise  in  thorns  or  spines  from  the 
sarfaoe  of  the  plates.  If  a  solitary  large  horn  be  placed  upon  the 
centre  of  the  venter j  it  is  called  hastatb  {ah,  kcutaium) ;  horned 
(ab.  comtUum)^  on  the  contrary,  when  it  proceeds  from  the  back ; 
JiABGiNATB  {ob.  marginatum),  when  its  sides  project  in  sharp  ridgea» 
{Careus  tnarginatus)  ;  or  winged  {ab.  alalum),  when  the  projection  of 
the  margin  is  very  considerable  (Coreus  quadratus,  many  Tingis). 
These  differences  of  margin  are  generally  found  only  in  such  insects 
whose  superior  wings  form  horny  wing-cases;  consequently  only  among 
the  Coleoptera,  although  among  these  but  rarely,  Orihoptera  and 
Hemiptera,  and  among  the  latter  most  frequently. 

§85. 

We  must  now  turn  our  attention  to  the  abdominal  appendages. 

The  appendages  of  the  abdomen  may  be  classed  into  three  large 
groups,  according  to  whether  they  belong  to  the  anus  or  the  sexual 
organs,  or  to  neither  one  nor  the  other. 

The  ANVS  is  a  round  opening  near  the  upper  side  of  the  last  abdominal 
segment,  and  is  in  but  few  instances  provided  with  peculiar  appendages, 
but  lies  within  the  last  abdominal  segment  which  closes  the  rectum 
with  its  two  halves.  In  these  cases,  the  sexual  organs  open  into  the 
cavity  formed  by  the  last  segment,  and  are  similarly  covered  by  it.  It 
might  not,  therefore,  be  inappropriate  to  call  this  cavity  with  its  opening 
by  the  name  applied  to  the  analogous  construction  in  Birds,  the  cloaca. 
Kirby  and  Spence  propose  podex  as  the  name  for  the  superior  flap,  and 
for  the  lower  one,  hypopygium.  In  those  instances  in  which  the  anus 
is  not  closed  by  the  flaps  of  the  last  segment  of  the  abdomen,  we 
observe  peculiar  thick  processes  which  close  its  aperture  like  the  prongs 
of  Umg%;  they  are  sometimes  hooked,  and  are  then  called  unci 
(Locusla,  Gryllus), 

The  appendages  attached  to  the  sexual  organs  are  more  remarkable 
both  in  shape  and  function. 

With  respect  to  those  upon  the  anal  segment  of  male  insects, 
they  are  generaUy  less  peculiar  than  those  of  females.  Both  sexes 
are  deficient  in  these  appendages  when  the  last  segment  forms  a 
doaca ;  on  the  contrary,  we  find  in  those  which  have  a  free  sexual 
opening  a  sort  of  tongs  dose  to  the  male  organ,  between  the  prongs  of 
which  the  penis  is  found,  either  lying  freely  exserted,  or  else  retracted 
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within  the  abdomen.  The  hooks  of  such  tongs  are  of  very  different 
construction.  In  Dolickopus*  they  are  lamellate,  and  armed  with 
hooks  at  their  end ;  lanceolate  with  an  obtuse  apex  in  the  LibelluliB, 
narrow,  rounds  and  spinose  upon  their  inner  margin  in  many  Noctuas 
simple^  almost  straight^  but  suddenly  curved  at  their  extremity  in 
Locusta  ;  short,  thick,  cylindrical,  with  lobate  appendages  in  Laphria 
and  Asilus.  The  last  segment  frequently  takes  a  very  different  shape 
in  consequence  of  these  appendages,  in  Tipula  it  is  clavate,  in  Myopa^ 
conical,  cheliform  in  Panorpa,  &c> 

The  appendages  of  the  sexual  organs  of  female  insects  consist  almost 
exclusively  of  more  or  less  prominent  ovipositors,  by  the  aid  of  which 
they  more  easily  deposit  their  eggs  in  appropriate  places.  We  distin- 
guish their  following  chief  varieties. 

1.  The  STING  (jacuhus,  PI.  XXIII.  f.  5 — 18)  is  a  thin,  delicate, 
finely-pointed  tube,  consisting  of  several  valves,  and  which  sometimes 
projects  from  {Sirex)  and  is  sometimes  withdrawn  within  the  abdomen 
(Fespa),  This  sting  is  never  a  simple  horny  spine,  but  always 
consists  of  two  or  three  pieces,  the  largest  of  which  is  barbed  at 
its  extremity,  and  is  longitudinally  channelled  (PI.  XXIII.  f.  7,  c,  and 
f.  12)  to  receive  the  rest  (the  same,  f,T,d,d).  It  possesses,  besides, 
two  lateral  valves  (valvukg,  the  same,  f.  6,  a,  a),  between  which  the 
sting  lies  like  a  sword  in  its  case.  If  the  sting  project  beyond 
the  abdomen,  they  accompany  it,  but  only  in  those  insects  in  which  it 
lies  freely  exserted.  In  the  bees  and  wasps,  which  use  it  also  as 
401  offensive  weapon,  the  valves  remain  within  the  abdomen  during 
its  use. 

Latreille  calls  the  freely  projecting  ovipositor  the  borer  (terehra), 

2.  The  TUBE  (lubulus,  PL  XXIV.  f.  15)  is  a  mere  continuation  of 
the  abdomen,  which  occurs  in  Chrysis  and  many  Diptera,  viz.  the 
house-fly.  It  consists  of  several  cylindrical  joints,  which  are  united 
by  a  soft  membrane,  and  are  retractile  within  each  other,  like  the  joints 
of  a  telescope.  This  kind  of  ovipositor  is  found  only  in  insects  which 
have  but  few  abdominal  segments^  whence  it  is  not  improbable  that 
the  joints  of  the  tube  are  nothing  else  than  segments  of  the  abdomen 
itself. 

3.  The  SHEATH  (vagina,  PL  XXIV.  f.  10  )  consist  of  two  long,  convex 
continiiations  of  the  abdomen,  generally  inclining  upwards,  which,  when 

•  Meigen.  Zwcif.,  Vol.  iv.  PL  XXXVI.  f.  21 
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placed  together^  exactly  correspond,  and  form  a  single  organ — the 
ovipositor.  Between  them  lies  the  female  sexual  aperture^  and  the 
eggs  are  laid  encompassed  by  them.    {Locusta.) 

Besides  the  above-named  organs,  several  other  forms  are  observed  at 
the  apex  of  the  abdomen,  which  neither  belong  to  the  anus^  nor  can  be 
considered  as  standing  in  connection  with  the  sexual  organs.  They 
bear  the  general  name*  of  tail  (cauda)  or  caudal  appendages 
(Appendices  caudales) :  as  such  we  may  consider 

The  FORCEPS  (forcipes,  PI.  XIV.  f.  8),  two  toothed  chelifbrm 
hooksj  which  move  in  opposition  to  each  other>  in  the  earwig. 
(Forficula.) 

The  FORK  (Jurca,  PI.  XIV.  f.  9)  a  continuation  of  the  lower 
portion  of  the  terminal  segment,  which  is  directed  forwards,  and  is 
furcate,  by  means  of  which  the  insect  springs  upwards.  (JPodura, 
Swnfntkurus.) 

The  8TTLBS  {stylii  PI.  XIV.  f.  10),  two  short  exarticulate  processes, 
dose  to  the  anus  in  Staphylinut, 

The  CBRCi  (cercf,  PL  XIV.  f.  11),  likewise  short,  lanceolate,  and 
generally  flattened  and  articulate  appendages  at  the  sides  of  the  anus. 
{Blatta.) 

The  threads  (^/a,  PL  XIV.  f.  12),  longer  or  shorter  articulate 
cylindrical  processes  of  the  last  segment,  which  grow  gradually  thinner. 
(Ackeia,  JSpkemera,  Lepisma,) 

The  BBI8TLE8  (sctiF^  PL  XIV.  f.  13)  are  such  appendages  when 
exarticulate  and  simple.    (Machilis,') 

The  BIFH0NET8  (jftpkuncfiU,  PL  XIV.  f.  14)  are  the  hollow  processes 
upon  the  upper  side  of  the  penultimate  segment  in  the  plant-lice  (^Aphis), 
whence  the  sweet  juice  exudes  which  the  ants  seek  so  eagerly. 


SECOND   SECTION. 


ANATOMY. 


§  86. 


Thb  examination  of  the  exterior  fonn  of  the  body  is  succeeded  by  the 
investigation  of  its  internal  construction.  This  branch  of  natural  science 
is  distinguished  by  the  name  of  Anatomy  (derived  from  ayarifiytty,  to 
cut  up) ;  but  the  portion  of  it  which  treats  of  the  interior  structure  of 
insects  might  be  appropriately  called  Entomotomy  (derived  from  liro- 
fioy,  insecty  and  rifiytty,  to  cut). 

As  it  was  not  our  object  in  the  preceding  chapter  to  explain  the 
mode  whereby  the  different  parts  of  the  body  stand  mutually  con- 
nected^ but  which  combination  and  connection  is  of  importance  to  the 
formation  of  the  complex  organism  we  have  already  examined  exter- 
nally, it  is  therefore  incumbent  upon  us,  in  this  section,  to  display  the 
fundamental  parts,  or,  as  it  were,  the  keys  of  this  entire  organism,  and 
what  the  different  materials  are  which  must  necessarily  unite  to  con- 
stitute the  organic  body  we  have  just  treated  of.  The  information 
which  will  be  conveyed  in  this  section  will  consequently  be  richer  in 
its  results  towards  a  knowledge  of  the  life  of  insects  in  general,  as  it 
will  materially  tend  to  show  how  hi  the  differences  of  form  are  influ- 
enced by  differences  of  structure,  and  what  their  mutual  relations  are. 
We  shall  nevertheless  restrict  ourselves,  even  in  this  section,  to  a  mere 
description  of  forms,  but  principally  of  the  internal  parts,  and  conse- 
quently of  their  structure,  reserving  the  reply  to  all  questions  upon 
the  importance  of  each  individual  organ,  its  function,  and  sphere  of 
action,  to  the  next  ensuing  section. 

But,  before  we  pass  on  to  the  contemplation  of  these  new  objects,  a 
few  general  remarks  will  not  be  inapposite  to  determine  the  natural 
succession  of  the  investigations  we  are  about  to  institute. 
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§87. 

Experience  has  instructed  us  that  every  organism  is  not  only  tran- 
sitory in  its  duration,  but  that  it  also  requires  the  assimilation  of  fresh 
matter,  if  it  is  to  be  preserved  from  perishing  immediately  after  its 
appearance.  To  meet  this  necessity  nature  has  furnished  every  organic 
body  with  two  different  sets  of  organs^  which  are  called  systems^  the 
one  of  which  provides  for  the  preservation  of  the  individual  by  means 
of  nutriment,  and  is  thence  called  the  nutrimental  system,  and 
the  other  for  the  continuance  of  its  resemblance,  or  kind,  and  which  is 
called  the  be-pboductivk  system.  Both  systems,  therefore,  are  the 
essential  peculiarity  of  every  organic  body,  and  without  them  no 
organism  can  be  imagined. 

(  88. 

Indeed,  the  very  lowest  organic  bodies,  plants,  display  no  other 
organs  than  such  as  belong  to  these  two  systems;  but  the  animal 
destined  to  a  higher  grade  of  organisation  adds  to  the  phenomena  of 
vegetable  life  two  new  proofs  of  its  vitality,  and  which  must  be  treated 
as  the  results  of  a  greater  freedom  of  nature.  This  liberty  displays 
itself  at  once  in  its  independence  of  its  original  place  of  abode,  by  the 
power  it  possesses  of  constantly  changing  it ;  in  fact,  the  power  of 
LOCOMOTION  is  the  first  and  principal  peculiarity  of  the  animal,  and  this 
power  also  qualifies  the  second  phenomenon  peculiar  to  animal  life. 
If,  namely,  the  animal  is  to  make  an  advantageous  use  of  the  freedom 
it  derives  from  its  power  of  locomotion,  and  if  it  be  to  be  secured 
against  all  the  disadvantages  consequent  upon  this  power,  it  must 
necessarily  possess  faculties  which  apprise  it  of  the  nature  of  its  situa- 
tion, and  these  it  has  received  in  the  organs  of  sensation.  Both, 
consequently,  the  organs  of  locomotion  and  sensation,  are  peculiar  to 
the  animal,  and  wholly  wanting  to  the  plant,  whilst  the  organs  of 
nutriment  and  re-production  are  common  to  both. 

§  89. 

And  as  the  organs  of  nutriment  and  re-production  are  first  observed 
in  the  plant,  and  as  the  whole  vegetable  kingdom  displays  no  higher 
development  of  life,  they  are  distinguished  as  vegetative  organs,  and 
their  circle  of  action  the  vegetative  sphere.  Whereas  the  organs 
cf  locomotion  and  sensation,  as  the  exclusive  peculiarities  of  the  animal, 
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have  received  the  name  of  animal  groans^  and  their  compass  of  action 
the  animal  sphere. 

§  90. 

The  greater  development  or  separation  into  several  distinct  organs, 
and  the  more  complex  structure  of  each,  are  the  phenomena  gradually 
displayed  in  the  progressive  ennoblement  of  the  animal  kingdom,  com- 
mencing at  the  most  simple  conditions  of  animal  existence.  Insects 
maintain  in  every  respect  a  central  situation  in  this  series;  their 
organs,  therefore,  will  not  display  to  us  a  very  artiiicial  structure,  nor 
will  their  combination  be  very  complex.  But  we  shall  find  the  above 
indicated  four  chief  differences,  which  are  dependent  upon  the  vital 
phenomena  of  the  organism,  sufficiently  distinctly  exhibited  in  them. 
Now,  ad  the  several  organs  of  each  individual  system  not  only  aim  at 
one  object  in  their  functions,  but  also  display  considerable  conformity 
in  their  structure,  it  will  be  suitable  to  regulate  the  arrangement  of  our 
present  investigation  by  their  differences,  whence  we  derive  the  follow- 
ing themes : — 

I.  Investigation  of  the  v^tative  system  and  its  organs.   These  are, 

A.  The  organs  of  nutriment,  consisting  of — 

The  general  integument.  As  this  in  insects  is  a  homy  case,  to 
which  the  organs  of  locomotion  are  attached,  its  description 
must  be  classed  with  the  consideration  of  the  animal  organs, 
it  being  but  the  passive  agent  of  motion.     Therefore  of 

a.  The  intestinal  canal  with  its  appendages,  as  digestive 

organs; 

b.  The  HEART  and  blood  vessels,  as  organs  of  circulation; 

c.  The  AIR  VESSELS,  as  respiratory  organs. 

B.  The  organs  of  re-production ;  consisting  of — 

a.  The  female  organs  of  re-production,  and 

b.  The  male  organs. 

II.  Investigation  of  the  animal  system  and  its  organs. 

A.  Organs  of  locomotion : — 

a.  Passive  organs  of  motion ;  here  the  exterior  integuhekt 

as  analogous  to  the  osseous  system. 
6.  Active  organs,  the  muscles. 

B.  Organs  of  sensation: — 

a.  The  brain; 

b.  The  NERVOUS  SYSTEM  in  general ; 
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C.    The  NEBV0U8  SYSTEM  OF  THE  DIOBSTIVB  ORGANS  ; 

d.  The  ORGANS  of  the  senses. 
We  consequently  commence  our  description  with  the  Tegetative 
organs^  as  being  the  inferior ;  and  thence  proceed  to  the  survey  of  the 
animal  organs^  as  the  superior  ones.  But  we  do  not  wish  by  this 
arrangement  to  imply  that  the  lowest  insects  have  no  organs  of  locomo- 
tion and  sensation,  but  that  in  them  both  these  organs,  and  also  par- 
tially the  vegetative  ones^  are  not  quite  so  perfectly  developed  and 
completely  combined  as  in  the  higher  orders^  and  from  the  circumstance 
of  this  difference  the  latter  stand  higher  and  the  former  lower  in 
the  system.  And  by  these  expressions^  as  well  as  by  the  synonymous 
ones^  of  MORE  or  less  perfect^  we  would  indicate  that  the  structure 
of  the  former  is  more  complex,  artificial,  and  various  than  the  groups 
characterised  as  standing  lower  and  less  perfect.  But  each  group  is 
perfect  in  its  kind. 


FIRST  SUBSECTION. 

VEGETATIVE    ORGANS. 


%  91. 

The  organs  of  the  vegetative  sphere  are,  as  it  were,  transmitted 
from  the  plant  to  the  animal ;  it  will  therefore  be  not  unimportant  if 
we  can  prove  that  their  fundamental  texture  displays  a  vegetable 
origin. 

The  plant  commences  its  existence  in  the  form  of  a  cell ;  cell  is 
added  to  cell,  and  the  entire  vegetable  is  but  a  congeries  of  small  cells, 
with  here  and  there  long  delicate  tubes  interspersed,  forming,  as  it 
were,  free  passages  between  them.  All  the  organs  of  vegetables  consist 
of  these  two  forms,  consequently  the  nutrimental  and  re-productive 
organs  must  display  a  similar,  or  at  least  an  analogous,  structure,  if 
they  are  to  prove  themselves  of  vegetable  origin.  Nothing,  in  fact,  is 
more  astonishing  than  the  confirmation  of  this  law ;  for  cells,  which  in 
animals  become  small  vesicles  or  larger  bladders,  and  tubes,  constitute 
the  various  forms  of  the  v^etative  organs.     A  vesicle,  the  egg,  is  the 
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origin  of  animal  existence ;  vesicles  distend  themselves,  and  become 
cases;  they  link  themselves  in  a  series,  and  form  vessels;  and  thus,  by 
degrees,  each  vegetative  organ  is  formed  from  the  vegetable  original. 
We  will  examine  this  more  closely  in  the  individual  organs. 

§  92. 

The  INTESTINAL  CANAL  is  a  tube  which  originated  from  the  elonga- 
tion of  one  or  the  connection  of  several  bladders.  This  is  proved  not 
only  by  its  form  in  the  lower  animals,  but  also  from  its  being  in  many^ 
likewise  in  the  larvae  of  insects,  a  mere  blind  sack,  consequently  a 
bladder  open  only  in  front.  In  animals  of  a  higher  grade,  in  which  it 
consists  of  several  divisions  separated  by  constrictions,  it  is  very  easily 
imagined  as  consisting  of  the  union  of  several  bladders. 

The  same  holds  good  of  the  vessels :  for  example,  the  chief  vessel  of 
insects,  namely,  the  large  dorsal  vessel,  so  evidently  displays  a  cellular 
construction  that  we  may  not  consistently  doubt  its  original  growth 
from  bladders. 

The  very  name  of  the  air-tubes  announces  their  form.  It  must,  how- 
ever, strike  as  important  that  the  air-vessels  of  insects  have  so  deceptive 
a  resemblance  to  those  of  plants  that  everybody  must  immediately 
admit  of  their  analogous  structure. 

The  vegetable  origin  of  the  nutrimental  organs  is  thus  evidently 
proved. 

§  93. 

It  is  not  more  difficult  to  show  the  same  in  the  organs  of  reproduc- 
tion. These,  namely,  very  much  more  distinctly  display  their  vesicular 
origin.  The  ovary  of  the  female  is  a  large  bladder,  containing  many 
smaller  ones,  the  eggs.  The  oviduct  is  an  elongation  of  this  large 
bladder ;  the  uterus  is  another  distension  of  it,  and  the  vagina  ano- 
ther elongation :  other  incidental  appendages  of  the  above  parts  display 
more  or  less  distinctly  a  vesicular  form. 

It  is  the  same  in  the  male  organs.  The  testes  have  not  uncommonly 
the  shape  of  a  bladder  {Lamellicomia),  or  else  they  are  long  convoluted 
tubes,  which  we  know  to  be  but  modifications  of  bladders ;  the  vasa 
DEFERENTiA  are  elongations  of  these  bladders;  the  vesica  seminalis 
another  distension  of  it,  and  the  ductus  ejaculatorius  another  and 
its  final  constriction. 

Thus  the  sexual  organs  are  a  still  more  evident  repetition  of  the 
vesicular  form,  they  lieing  always  closed  at  one  end  at  least. 
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§  94. 

>  We  shall  show  in  full  detail^  at  its  proper  plaoe,  that  the  character 
of  the  organs  of  tlie  animal  sphere  differs  wholly  from  the  Tesicular 
character  of  the  vegetative  organs  by  the  integral  solidity  of  each  indi- 
vidual part. 


FIRST  CHAPTER. 

OF    THE    ORGANS    OF    NUTRITION. 


1.  THE  INTESTINAL  CANAL  AND  ITS  APPENDAGES. 

§  95. 

The  intestinal  canal  (Jtractus  iniestinarum)  is  the  internal  tube, 
extending  from  the  mouth,  appropriated  to  the  reception  and  trans- 
formation of  the  nutriment.  It  has  in  general  a  second  aperture  opposed 
to  the  first,  the  anus,  through  which  the  indigestible  unassimilating 
remains  of  the  food  are  rejected.  The  instances  in  which  such  an  anal 
aperture  is  deficient  are  very  rare  among  insects,  and  occur  only  among 
larvae  and  maggots,  but  never  in  the  imago. 

This  tubular  structure  of  the  intestinal  canal  is  subject  to  oon« 
siderable  modification  from  distension  and  constriction,  by  means  of 
which  it  is  separated  into  several  divisions,  which  have  very  justly 
received  different  names,  from  their  functions  being  dissimilar.  Be« 
sides  these  separations  of  the  intestinal  canal  itself,  we  observe 
peculiar  processes  and  appendages,  which  originate  from  it,  or 
which,  as  perfectly  independent  parts,  merely  open  into  it.  Their 
variety  and  modifications  produce  relations  which  yield  multifarious 
differences  in  form  and  structure,  and  which  link  certain  groups  of 
insects  more  closely  together  by  their  complete  nnifcNrmity,  whereas 
they  separate  others,  in  which  such  a  similarity  of  arrangement  is  not 
observed,  more  distinctly  from  each  other,  and  thus  more  fully  corro* 
borate  the  dissimilitude  expressed  in  their  exterior  conformation  by  this 
difference  of  their  internal  structure. 
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§    96. 

The  entire  intestinal  canal  consists  of  three  skins^  or  layers  of  mem* 
brane. 

The  innermost  membrane  (PI.  XVII.  f.  1)^  which  may  be  considered 
as  a  continuation  of  the  exterior  epidermis^  is  very  smooth  and  texture- 
less,  abd  only  sometimes  longitudinaUy  folded,  and  armed  above  with 
homy  lines,  ridges,  or  teeth  (PI.  XVII.  f.  2. 5—7)-  It  is  particularly 
distinct  in  the  pharynx,  crop,  and  proventriculus,  the  horny  teeth  of  the 
latter  being  formed  by  it.  This  internal  membrane  is  most  apparent 
in  insects  with  hard  cases,  as  the  Coleoptera  and  Orthoptera,  whereat 
it  is  not  so  evident  in  the  haustellate  Diptera  and  Lepidoplera.  From 
the  proventriculus  it  forms  a  very  delicate  perfectly  uniform  covering,, 
and  generally  occupies  less  compass  than  the  other  intestinal  mem- 
branes. We  here  call  it  the  epidermis,  it  being  its  analogue,  or  pro- 
perly, the  mucous  membrane,  as  it  corresponds  with  the  tunica  mucosa 
of  the  superior  animals. 

The  second  layer,  which  we  call  with  Straus  the  proper  skin  (tnem^ 
hrana  propria),  is  white  and  smooth,  and  usually  thin,  but  sometimes 
thicker  and  spongy,  most  frequently  without  any  texture,  but  occa- 
sionally figured  {Hffdrophilus,  PI.  XVII.  f.  2.).  This  membrane, 
which  Ramdohr  treats  as  a  layer  formed  of  transuded  chyle,  is  pecu- 
liar to  the  intestinal  canal,  and  is  not  found  in  the  other  internal  organs; 
It  may  therefore  be  considered  as  a  continuation  of  the  second  layer  of 
the  exterior  integument,  of  which  we  shall  treat  below.  Indeed,  the 
space  between  the  mucous  membrane  and  this  peculiar  skin,  which  is 
very  considerable  in  the  stomach,  and  particularly  in  caterpillars,  is 
often  occupied  by  a  flocky  web,  formed  of  transuded  chyme,  and  this 
may  have  misled  Ramdohr  in  his  idea  of  it.  According  to  Straus,  homy 
prominences  are  sometimes  observed  in  this  intermediate  skin,  parti- 
cularly in  the  vicinity  of  the  stomach,  which  might  be  considered  as 
absorbing  pores,  but  which  Straus,  perhaps  more  correctly,  treats  as 
glands,  and  they  are  therefore  called  gastral  glands  (glandula  gaslrictx). 
I  have  observed  these  organs  only  upon  the  inner  surface  of  the  mus- 
cular membrane,  but  particularly  distinct  in  Hydrophilus,  in  which 
insect  the  long  cylindrical  stomach  is  completely  and  regularly  covered 
with  such  glands,  which  consist  of  a  transparent  case  inclosing  a  darker 
kernel  (PL  XVII.  f.  3.). 

The  third  layer  (PI.  XVII,  f.  3  and  4.)  is  a  compact,  firm,  fleshy 


THE   ORGANS  OF  NUTRITION.  121 

muscular  membrane  (tunica  muscularis),  in  which  distinct  longitudinal 
and  transverse  vessels  can  be  discerned,  and  it  lies  closely  upon  the 
preceding.  These  vessels,  which  are  sometimes  completely  reticulated, 
sometimes  furcate  separately  and  rejoin  in  the  same  manner  *,  are  gene- 
rally of  a  uniform  size,  but  occasionally  the  transverse  ones  are  stouter^ 
the  others  more  delicate  and  slender,  but  also  more  numerous  and 
closer  together,  so  much  so  that  their  distinct  threads  may  be  consi- 
dered as  the  separated  bundles  of  muscles  t.  This  muscular  membrane 
is  not  equally  observable  in  all  parts  of  the  intestinal  canal:  it  is  very 
obvious  in  the  pharynx,  stomach,  and  colon ;  but  it  vanishes  almost 
entirely  in  the  crop  or  craw. 

5  97. 

The  situation  of  the  intestinal  canal  is  the  same  in  all  insects.  It 
always  commences  as  a  cylindrical,  and  chiefly  narrow  tube  at  the 
somewhat  wider  cavity  of  the  mouth,  and  proceeds  in  a  direct  line 
through  the  head  and  thorax.  It  takes  the  same  direction  in  all 
insects  which  have  a  long  and  at  the  same  time  thin  body  (e.g.  Pitnpla, 
Tipula,  Agrioh),  In  these  cases,  however,  the  intestinal  canal  is  of 
the  same  length  as  the  body,  and  only  in  some  of  the  broad- 
bellied  ones^  for  example,  the  long  bugs  {Gerris,  Emesa,  Ranatrd),  it 
makes  a  small  curve  before  its  termination,  so  that  it  becomes  about 
half  as  long  again  as  the  body.  But  if  the  creature  be  thick  bodied^ 
and  the  cavity  of  the  abdomen  is  distended  on  all  sides^  the  intes- 
tinal canal  becomes  longer  than  the  body,  and  makes  convolutions 
within  the  cavity  of  the  abdomen ;  but  it  always  passes  in  a  direct  line 
through  the  head  and  thorax. 

These  convolutions  of  the  intestinal  canal  are  kept  in  their  proper 
situation  by  the  multitudinous  branches  of  the  air-vessels  which  spread 
about  them ;  indeed,  this  reticulation  of  the  air-vessels  is  so  delicate 
and  firm  that  it  not  only  makes  it  dijficult  to  represent  the  intestinal 
canal  with  all  its  appendages  (which  besides  is  closely  enveloped  in  the 
fatty  mass)  in  its  full  extension,  but  makes  a  perfect  separation  of  all 
these  air-vessels  absolutely  impossible.  We  never  find  in  insects  a  peri- 
toneum, which  in  the  higher  animals  retains  the  intestines  in  their 
place,  but  its  purpose  is  supplied  by  these  air-vessels. 

*  Rundohr,  Ueber  di«  VcrdanungBwerkzcuge  der  Inscctcn  Halle,  1811.     H.  XIV. 
f.  4,  from  PompUuM  Viaticug. 
f  The  aune  PI.  XVII.  f.  2.,  from  the  {kuces  of  the  larva  of  the  Antrlion. 
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§   98. 

The  length  of  the  intestinal  canal  increases  with  its  convolutions ;  or 
these  rather  are  but  the  consequences  of  its  extension.  We  very  fre- 
quently find  the  intestinal  canal  twice  the  length  of  the  body ;  indeed  so 
often  is  this  the  case  that  it  may  be  considered  as  the  most  usual  struc- 
ture. A  nutrimental  canal  of  this  extent  is  called  modbrately  long; 
such  an  intestine  makes  from  one  to  three  convolutions,  according  to 
their  size.  The  long  intestine  (Chtysomela,  Cimex)  makes  also  two 
or  three,  but  larger  convolutions,  and  is  from  three  to  five  times  the 
length  of  the  body.  The  intestine  is,  lastly,  very  long  in  the  Lamelli" 
cornia,  in  which  it  is  from  seven  to  eight  times  as  long  as  the  body, 
and  makes  many  folds  in  the  cavity  of  the  abdomen. 

But  these  proportions  refer  only  to  the  perfect  insect,  for  the  majority 
of  larvce,  namely  those  with  a  perfect  metamorphosis,  have  a  nutri- 
mental canal  of  the  same  length,  or  at  most  of  twice  the  length  of  the 
body.  This  short  intestine  increases  in  length  in  every  distinct  period 
of  its  life ;  but  some  instances  occur  in  which  this  gut  becomes  shorter 
during  the  metamorphoses,  namely,  in  the  Diptera,  the  larvse  of  which 
have  a  very  long  and  much  convoluted  intestine  *, 

No  general  law  regulating  the  various  length  of  the  intestinal  canal 
has  yet  been  discovered ;  in  insects,  in  particular,  it  appears  exposed 
to  much  irregularity.  It  is  not  however  improbable,  firom  all  hitherto 
instituted  investigations,  that  herbivorous  insects  have  a  longer  and 
more  distended  intestine,  and  that  those  which  feed  upon  animal 
matter  have  it  shorter  and  narrower.  We,  however,  find  a  decided 
exception  in  the  vegetable  devouring  Orthopiera  (e.  g.  Gryllus,  Lo* 
custa),  their  intestine  being  not  much  longer  than  their  body,  but  at 
the  same  time  very  broad.  We  perceive  greater  uniformity,  if  not  in 
length  yet  in  structure,  in  the  difiTerent  orders  of  insects,  and  this  law 
we  shall  observe  to  prevail  still  more  forcibly  in  the  still  smaller  groups. 

§  100. 

We  will  now  pass  from  this  general  description  of  the  entire  intes* 
tinal  canal  to  the  examination  of  its  difiTerent  divisions.    We  can  there- 

*  Ramdohr,  PI.  XIX.  f.  1  and  2. 


THE    ORGANS    OF    NUTRITION.  123 

fore  make  a  primary  separation  of  it  into  its  sbvbral  divisions  and 

its  APPENDAGES. 

The  divisions  of  the  intestinal  canal  are,  the  pharynx,  the  ceso- 
PHAOU8,  the  CRAW,  the  froventricdlus,  the  stomach  or  ventri- 
cuLus,  the  DUODENUM,  the  ILIUM,  the  coscum,  and  the  colon. 

The  peculiar  appendages  of  the  intestinal  canal  are,  the  salivary, 
BILIARY,  and  anal  vessels. 

These  parts  are  never  all  present  together ;  sometimes  one  is  ^^anting, 
and  sometimes  the  other.  For  example :  insects  with  a  suctorial  mouth 
never  possess  apparent  pharynx,  but  the  oesophagus  originates  imme* 
diately  at  the  base  of  the  sucking  tube ;  they  also  want  the  proven- 
tricnlu8|  instead  of  which  they  ^possess  a  bladdered  crop,  which  how- 
ever does  not  occur  in  mandibulated  insects.  The  part  most  frequently 
deficient  is  the  duodenum,  which  has  hitherto  been  observed  only  in 
some  of  the  pentamerous  Coleoptera,  after  which  the  ccecum  is  least 
frequently  present,  for  it  appears  to  be  peculiar  to  those  fiemiilies  only 
the  genera  of  which  feed  upon  animal  matter. 

With  respect  to  the  appendages,  the  biliary  vessels  are  seldom  want- 
ing (Chermes,  Aphis),  the  salivary  ones  frequently,  but  the  anal  vessels 
very  generally. 

THE   PHARYNX. 

§  101. 

The  pharynx  is  the  distended  commencement  of  the  oesophagus, 
bordering  upon  the  cavity  of  the  mouth,  and  is  found,  as  we  have 
recently  remarked,  only  in  the  mandibulata,  consequently  in  the  Cole'' 
optera,  Orthoptera,  Neuroplera,  and  H^menopiera,  In  these  it  is 
nothing  else  than  the  almost  trumpet-shaped  commencement  of  the 
oesophagus,  and  in  the  majority  of  cases  is  not  separated  from  it  by  any 
erident  difference  of  texture  or  construction.  In  some  of  the  grass- 
hoppers and  cockroaches,  in  which,  in  consequence  of  their  large  man- 
dibles, the  cavity  of  their  mouth  is  very  expansive,  their  pharynx  is  very 
much  distended,  and  more  clearly  separated  from  the  much  narrower 
oesophagus  *.  Its  membrane  is  more  dense  and  compact  than  that  of 
the  latter,  excepting  which  it  displays  no  other  difference.  The  mucous 
and  muscular  membranes  lie  dose  together,  and  it  is  scarcely  possible  to 

•  fUmdohr,  ib.  PI.  I.  f.  9, 
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distinguish  the  proper  membrane  between  them  as  a  separate  kyer.    A 
free  space  is  naturally  not  founds  as  in  the  stomach. 

THE    CE80PHAOUS. 

§   102. 

The  oesophagus  (PI.  XVII.  22,  a,  a,)  extends  from  the  pharynx  to 
the  stomach ;  it  is  distinguished  from  the  former  by  its  smaller  capacity^ 
and  from  the  latter  by  a'variation  in  structure.  The  most  remarkable 
form  of  the  oesophagus  is  doubtlessly  its  very  general  furcate  division 
in  the  Lepidopiera,  and  that  from  each  of  the  two  spiral  sucking 
tubes  it  originates  by  a  distinct  branch,  which  branches  then 
unite  into  one  channel.  In  general  the  branches  of  the  fork  are 
very  short,  but  in  the  swallow-tail  butterfly  {Pieris  Machaon,  O.) 
their  union  into  one  tube  commences  only  at  the  thorax  *.  In  the 
other  orders  of  insects  the  cesophagus  passes  through  the  entire  cavity 
of  the  thorax  as  a  simple  tube,  and  either  terminates  where  the  cavity 
of  the  abdomen  commences,  or  before  this,  within  the  thorax  itself;  for 
example,  in  its  centre  in  those  insects  the  cavity  of  whose  thorax  is 
broad,  and  which  consequently  admits  of  a  greater  expansion  of  the 
organs  which  traverse  it.  The  length  of  the  oesophagus  therefore 
depends  upon  the  length  and  dimensions  of  the  thorax.  Insects  with 
a  thin  and  narrow,  and  in  particular  with  a  petiolated  abdomen,  have 
a  long  oesophagus,  when  the  thorax  also  is  long  (Pimpla,  Fctnus) ;  and 
it  is  the  longer  in  proportion  to  the  entire  intestinal  canal,  the  shorter, 
narrower,  and  smaller  we  find  the  abdomen.  The  most  remarkable 
proportions  must  occur  in  this  respect  in  the  genus  Evania,  but  which 
has  never  yet  been  anatomically  investigated.  The  longest  oesophagus 
yet  observed  consisted  of  more  than  half  of  the  entire  intestinal  canalf  ; 
and  among  the  shortest  is  that  of  the  cockchafer,  which  occupies 
scarcely  one-sixtieth  of  the  entire  length  of  that  canal  X* 

We  are  already  acquainted  with  the  texture  of  the  oesophagus ;  its 
central  layer  however  is  very  slight^  whence  the  two  other  membranes 
lie  closer  together,  which,  as  Ramdohr  assures  us,  makes  their  separation 
very  difficult.  The  inner  membrane  is  generally  here  quite  uniform,  much 
more  rarely  thicker  in  parts,  almost  like  parchment,  or,  as  in  Carabus^ 

*  See  Trcvininus,  Vermischte  Schriften,  yoL  ii.  p.  200. 

f  111  Pimpla  Enervator  and  Pompilus  viaHeus,  Ramdohr,  PL  III.  f.  2  and  3. 

:  Ramdohr,  PI.  III.  f.  1. 
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Meloe,  Chrysomela,  Blatia,  and  the  grasahoppera  (PI.  XXI.  f.  2  and 
3),  internally  covered  with  short  stiff  setae  and  teeth ;  the  muscular 
fibres  of  the  exterior  membrane  generally  lie  r^ularly  above  each 
other,  but  they  sometimes  form  a  loose  confused  net*work  from  open 
spaces  remaining  here  and  there  between  them. 

The  separation  of  the  oesophagus  from  the  stomach  is  effected  some- 
times by  a  positive  constriction  (Diptera,  PI.  XVIII.  f.  3.) ;  it  occa- 
sionally passes  insensibly  into  it,  and  sometimes  the  crop  intervenes 
between  them,  as  the  organ  of  transition ;  in  this  case  the  oesophagus 
expands  by  degrees  into  a  sack-shaped  crop  (ingluvies,  PI.  XVIII. 
f.  1.  By  B,)  which  takes  the  place  of  a  first  stomach,  and  prepares  the 
swallowed  food  for  digestion.  In  Grylloialpa  it  occurs  as  a  perfectly 
sack-shaped  appendage  of  the  oesophagus  *  (PL  XXI.  f.  70*  ^^ 
fiftdlitate  this  the  inner  surface  of  the  crop  is  covered  with  glands  (for 
example,  in  Dyticus,  BktUa,  &c.),  the  secretion  of  which  has  the  func- 
tion of  a  preparing  juice.  Such  an  expansion  of  the  oesophagus  before 
the  proventriculus  might  readily  be  considered  as  analogous  to  the 
crop  of  the  higher  animals,  of  the  birds,  for  example;  an  opinion  which 
Ch.  L.  Nitzsch  has  already  propounded  f  •  The  expansion,  however, 
without  a  contemporaneous  proventriculus,  is  of  a  different  and  peculiar 
kind,  namely,  the  sucking  stomach,  indicated  by  6.  R.  Treviranus, 
and  which  we  proceed  to  describe. 

^THB    SUCKING  STOMACH. 
^    103. 

The  Hymenopiera,  LepidoplerOf  and  Diptera  are  the  orders  in  which 
the  proventriculus  is  deficient,  but  they  possess,  nevertheless,  a  bladder- 
ihaped  distension  of  the  oesophagus  (PI.  XVII.  and  XVIII.  c,  c,), 
which  in  the  first  lies  directly  in  front  of  the  cardia ;  in  the  second  it 
forms  a  distinct  bag,  which  opens  into  the  oesophagus,  contiguous  to 
tiie  cardia;  and  in  the  third  it  hangs  appended  to  the  oesophagus  by 
means  of  a  long  thin  duct,  frequently  far  in  front  of  the  opening  of  the 
stomach.  This  organ  is  the  before-named  sucking  stomach.  Its  function 
does  not  consist  in  being  a  receptacle  for  nutriment,  but  in  promoting 
the  suction  of  food,  by  distending,  at  the  will  of  the  insect,  and  thus, 
by  the  rarefaction  of  the  air  contained  within  it,  facilitating  the  rise  of 

*  See  Suckow,iii  Heuung.  Zeitichrift.  f.  d.  Org.  Phys.  vol.  3.  p.  53.  PI.  II.  f.  134. 
t  G«ttnngeii  der  Thicr.Inaeckten,  Germar'g  Magaz.  iii.  p.  280. 
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fluids  in  the  proboscis  and  oesophagus.  Insects  which  chew  are  natu- 
rally deficient  in  this  apparatus^  or  at  least  in  this  function  of  it ;  in 
them  it  is  a  true  crop. 

In  the  Hymenopiera  (PL  XVII.  f.  10,  c^)  the  sucking  stomach  is  a 
distension  of  the  oesophagus  in  front  of  the  cardia^  and  consequently 
perfectly  resembles  a  true  crop.  Indeed^  in  those  families  of  this  order^ 
which  possess  more  a  mandibulate  apparatus  than  a  suctorial^  this  suck- 
ing stomach  must  gradually  become  superfluous ;  and  it  is^  consequently, 
so  little  distinct  from  the  oesophagus  that  it  was  formerly  always 
described  with  it^  and  as  nodose  *.  It  exists  however  as  a  distinctly 
defined  organ  in  the  families  of  the  bees  and  wasps,  which  possess  a 
true  suctorial  apparatus ;  and  here  it  is  a  large  bag,  which  hangs  below 
the  oesophagus,  in  front  of  the  mouth  of  the  stomach  f.  If  it  be  empty 
it  lies  folded  longitudinally ;  when  filled  with  air  it  is  distended  as  a 
transparent  bladder,  and  embraces  the  long  funnel-shaped  mouth  of 
the  stomach,  which  is  furnished  at  its  aperture  with  yalves* 

In  the  Lepidopiera  (PL  XVIII.  f.  5.)  we  find  the  sucking  stomach 
still  more  distinctly  separated  from  the  oesophagus.  In  these  it  projects 
with  a  short  neck  at  right  angles  from  the  end  of  the  oesophagus,  and 
when  simple  it  lies  as  a  folded  bladder  contiguous  to  and  over  the 
stomach,  or  upon  each  side  of  it  when,  as  in  Zygtena  %,  it  consists  of 
two  equal  halves.  This  division  is  sometimes  unequal,  when  a  smaller 
bladder  hangs  beneath  the  large  one  §.  It  is  always  proportionate  in 
compass  to  the  length  of  the  proboscis,  so  that  it  completely  vanishes 
when  the  proboscis  dwindles  to  a  short  cone,  as  in  Gastropkaga  pint 
and  Cossus  ligniperda  ||. 

Many  Neuroptera,  for  example,  the  genera  Hemerobius  and  Phry^ 
ganea,  have  apparently  similar  bags,  which  are  likewise  inactively 
folded,  but  which  also  admit,  like  those  of  the  Lepidopiera,  of  being 
distended  into  tight  bladders.  These  organs  may  possibly  be  sucking 
stomachs,  particularly  as  these  insects,  although  provided  with  a  man- 
dibulate apparatus,  take  food  more  by  suction  (this  is  the  case  espe- 
cially in  Phryganea)  than  by  mastication. 

*  For  example,  in  the  Tetdhredos  and  Ichneumons^  Ramdohr,  PI.  XIII.  f.  2  and  9. 
and  PL  XIV.  f.  2. 

t  Ramdohr,  PL  XIL  f.  6.  PI.  XIIL  f.  1.  PL  XIV.  £  3.    Treriianua,  PL  XIV.  f.  3. 
and  PL  XVI.  f.  3. 

:  Ramdohr,  PL  XVIH.  f.  1. 

§  Treviranus,  PL  IX.  T,  ▼.  ||  lb.  p.  109. 


THE   ORGANS    OF    NUTRITIOK.  127 

In  the  DipUra,  lastly,  (PI.  XVIII.  f.  2  and  3,  c,  c,)  the  sucking 
stomach  is  still  more  distinctly  divided  from  the  cesophagus,  and  is  a 
single  mouthed  bag,  having  one  or  several  ends,  and  furnished  with  a 
solitary  evacuating  duct.  When  empty  it  is  small  and  wrinkled,  but 
when  distended  it  is  of  large  dimensions.  In  its  natural  situation  it 
lies  contiguous  to  and  over  the  stomach,  at  the  very  commencement  of 
the  abdomen,  whence  its  delicate  evacuating  duct,  rising  anteriorly, 
aooompanies  the  stomach  as  far  as  the  oesophagus,  of  the  size  of  which 
it  generally  is,  and  opens  into  it  more  or  less  closely  to  the  cardia  *. 
According  to  Eamdohr  this  organ  is  the  food  bag  (tpeisesack),  as  it 
serves  for  the  reception  of  food.  Meckel  calls  it,  from  the  same  cause, 
the  honey  vessel  (honigbehalter),  and  he  found  in  it  a  peculiar,  coloured 
liquid.  But  Treviranus'  representation  is  much  too  illustrative,  and 
his  investigations  in  insects  opened  alive  much  too  conclusive  to  admit 
of  the  least  doubt  being  entertained  of  the  function  of  this  organ. 

The  Hemipiera,  which  likewise  live  upon  imbibed  juices,  have  no 
sucking  stomach,  nor  any  analogous  apparatus ;  this  is  the  case  also 
in  the  Pupipara  and  the  flea,  although  they  must  necessarily  be  classed 
among  the  Diptera  f. 

THE   PBOVBNTBICULUS. 

§  104. 

The  pRovBNTRicuLus  (PI.  XVII.  f.  8  &  p.  21,  f.  8—10)  is  the 
third  division  of  the  intestinal  canal,  if  we  may  consider  the  crop  or 
sucking  stomach  as  nothing  but  a  distension  of  the  oesophagus.  It  is  a 
small  narrow  and  tubular  cavity,  much  folded  within,  and  furnished 
with  teeth,  spines,  or  projecting  horny  ridges.  It  lies  directly  in  front 
of  the  mouth  of  the  stomachy  and  as  which  it  may  properly  be  con- 
sidered. It  is  found  in  all  mandibulate  insects  which  feed  upon  hard 
substances,  or  require  the  comminution  of  their  food  previous  to 
digestion;  consequently  in  all  the  carnivorous  tribes  (^Carabodea, 
Htfdrocantharides,  Brachyptera),  the  wood-beetles  (Ceramhycina, 
but  here  somewhat  altered),  many  Rhinckophora,  the  Orthoplera, 
(with  the  exception  of  the  PhasnuE  and  the  GryUi,  whose  whole  crop 
is  furnished  with  spines  which  serve  to  triturate  the  food),  and  the 
^europtera.    Exteriorly  it  has  always  a  round  somewhat  ovate  appear- 

•  See  Ramdohr,  PI.  XVIII.— XXI.,  and  Trevir.  PI.  XVII. 
t  See  lUmdohr,  PL  XXI.  f.  6.,  and  PI.  XXHL  f.  2. 
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ance,  and  is  compact,  opaque,  and  more  distinctly  muscular  than  the 
rest  of  the  intestinal  canal.  It  consequently  answers  to  the  gizzard  of 
the  gallinaceous  birds,  an  analogy  which  still  [more  strongly  confirms 
the  general  analogy  of  organisation  existing  between  insects  and  birds. 
A  closer  anatomical  investigation  of  this  organ  displays  two  verj 
distinctly-separated  membranes,  the  exterior  of  which  is  tight  and 
muscular,  and  the  interior  folded,  smooth,  and  partially  homy.  The 
folds  of  the  inner  membrane  are  by  no  means  accidental,  but  perfectly 
regular  and  differently  formed  in  the  several  families.  In  the  preda- 
ceous  beetles  (Cicindelacea  and  Carabodea,  PI.  XVII.  f.  8),  four  is  the 
prevalent  number.  Four  large  arched  folds,  densely  covered  with  short 
horny  spines,  bend  inwardly  in  the  cavity  of  the  organ,  and  between 
these  lie  four  smaller  ones,  which  are  sharply  ridged  in  front.  Within 
the  large  folds  there  are  four  robust  bundles  of  muscles,  which  unite 
above  and  below,  and  thus  form  a  closing  muscle  at  each  opening.  The 
similarly  constructed  mouth  of  the  stomach  in  Staphylinus  has  five 
large  folds  and  as  many  small  ones.  In  Cryplorhynchus  Lapathi  there 
are  nine  equal  prismatic  folds,  from  the  inner  ridges  of  which  originate 
two  rows  of  diverging  horny  processes,  which  meeting  from  fold  to 
fold,  separate  a  central  star-shaped  space  from  the  entire  cavity  *.  In 
the  Capricorn  beetles  {Ceramhycind)  there  is  no  cavity  at  all,  but  at 
the  inner  margin  of  the  cardia  there  are  four  large  and  four  smaller 
homy  plates  (PI.  XXII.  f,  1,  Lamia  cedilis).  The  Orlhoptera  (for 
example,  Acheta,)  have  six  chief  plates,  which  are  covered  with  scale- 
shaped  homy  plates.  In  the  Termites  (PI.  XXI.  f.  8 — 10.)  I  disco- 
vered a  proventriculus,  which  consisted  of  a  ring  of  twelve  equal  broad 
folds,  between  which  again  twelve  finer  and  sharp  edged  ones  lay. 
Around  this  ring,  which  formed  the  central  girdle  of  the  cavity  of  the 
oigan,  there  were  six  strong  fasciculi  of  muscles,  which  united  above 
and  below  like  the  ribs  of  a  gothic  arch,  and  thus  formed  closing 
muscles.  In  Blatta,  instead  of  folds  we  find  hooked  homy  teeth, 
which  spring  from  a  broad  base  at  the  sides  of  the  stomach,  and 
project  into  its  cavity.  In  Gryllus  migratorius  (PI.  XXI.  f.  1 — 6.) 
I  found  no  proventriculus,  but  the  entire  pharynx  and  crop  were 
armed  with  rows  of  small  but  difiTerently  sized  teeth,  which,  running 
longitudinally,  formed  in  the  centre  transverse  waved  lines,  but 
towards  the  cardia  again  stand  in  twos  and  threes  upon  elevated  mus- 

•  Ramdohr,  PI.  X.  f.  1—4. 
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cnlar  ridges.  The  cardia  itself  was  armed  with  six  V-shaped  horny 
teeth  (PL  XXI.  f.  6.  a,  a).^  In  Muller*8  representation  of  the  intes- 
tinal canal  of  Phasma  no  proventriculus  is  visible  *,  I  consequently 
surmise  they  would  present  a  similar  structure. 

The  exterior  skin  of  this  organ  is  tense^  not  folded,  and  it  closely 
incloses  the  interior  one  as  a  similarly  shaped  distended  bag.  It  agrees 
in  structure  with  the  muscular  membrane  of  the  intestinal  canal. 
The  space  between  both  is  occupied  by  fasciculi  of  muscles,  and  the 
spongy  layer  or  middle  membrane  must  necessarily  be  deficient  here  as 
weU  as  in  the  crop,  it  being  the  produce  of  digestion,  and  therefore  can 
only  be  present  where  this  has  commenced. 

The  lanrse  of  all  the  above-named  insects  whose  metamorphosis  is 
complete,  entirely  want  this  organ,  and  in  them  the  pharynx  passes 
immediately  into  the  considerably  wider  stomach.  We  do  not  either 
observe  in  the  very  voracious  caterpillars  of  the  Lepidoptera  any  further 
comminuting  stomach. 

§  105. 

THB    STOMACH. 

The  stomach  {ventriculus,  PI.  XVII. — XXII.  d,  d),  according  to 
most  entomologists,  is  that  portion  of  the  intestinal  canal  which  extends 
from  the  end  of  the  oesophagus,  or  of  the  crop,  to  the  opening  of  the  eva- 
cuating ducts  of  the  biliary  vessels.  Straus,  Treviranus,  and  Joh. 
Miiller  \  call  it  the  duodenum,  as  digestion  commences  in  it,  in  those 
orders  which  have  the  proventriculus,  and  perhaps  this  interpretation 
may  be  more  correct  than  that  hitherto  used. 

Upon  examining  the  form  of  this  portion  of  the  intestine  it  soon 
beomnes  apparent  that  it  is  subject  to  many  changes;  it  always 
approaches  more  or  less  to  the  tubular,  but  it  at  the  same  time  distin- 
guishes itself  from  the  following  divisions  of  the  canal  by  its  greater 
compass.  The  shorter  the  stomach  is  the  further  does  it  recede  from 
the  tnlmlar  form,  and  approaches  to  the  ovate,  conical,  or  bladder- 
shaped. 

The  Lepidoptera  (PL  XVIII.  f.  5.  d)  have  the  smallest  stomachs 
of  all  insects.  In  these  it  takes  the  shape  of  an  egg,  the  ends  of  which 
eontract  into  narrow  tubes,  and  its  upper  surface  is  folded  in  irregular 

*  NoTa  acta  Phyi.  Med.  iL  cur.  T.  12.  B.  PI.  L.  f.  2. 
t  Joh.  MoUerde  Gluidnl.  Secern.  Stmct  Pen.  p.  68.  Lip*.  1831,  foL 
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constrictions.  Generally^  upon  both  upper  and  under  sur£Ace»  a  narrow 
sinewy  or  muscular  stripe  runs  longitudinally^  for  the  purpose  of 
strengthening  the  there  more  delicate  envelope.  Meckel  informs  us  * 
that  this  stomach  in  Acheroniia  Airapos  is  shaggy  externally^  a  solitary 
instance  of  this  structure  in  the  Lepidoptera. 

The  longitudinal,  more  tubular,  and  regularly  transversely  folded 
stomach  of  the  Hymenopiera  (PI.  XVII.  f.  10.  d)  approaches  very  closely 
in  structure  to  that  of  the  Lepidoptera,  It  commences  with  a  funnel- 
shaped  orifice,  which  is  evidently  analogous  to  the  before-described 
proven triculus,  and  as  such  projects  into  the  cavity  of  the  sucking 
stomach,  which  can  be  closed  by  valves  that  open  inwardly  f-  This 
funnel-shaped  orifice  facilitates  the  passage  of  the  food  from  the  oeso- 
phagus into  Che  stomach,  its  aperture  being  thereby  brought  nearer  to 
the  former,  indeed,  during  suction,  rising  quite  up  to  it ;  the  valves 
however  preventing  the  return  of  the  chyme  into  the  sucking  stomach. 
This  structure  of  the  stomach  is  found  in  all  the  Hymenoptera,  but  it 
varies  much  in  compass ;  in  some  {Sirex)  it  is  shorty  broad,  and  straight^ 
the  crop,  on  the  contrary,  is  very  long  and  nodose;  in  others  {Chrysis) 
it  is  distended  in  the  middle  and  recurvate  at  the  extremity ;  in  the 
bees  and  wasps  it  is  of  tolerably  equal  breadth,  but  not  straight,  for  it 
bends  inwardly  at  both  ends,  so  that  it  is  partially  inclined  towards  the 
axis  of  the  body. 

In  the  larve  of  these  insects  the  whole  intestinal  canal  (PL  XVII. 
f.  9.  d)  consists  but  of  this  transversely  folded  stomach,  and  all  the  fbl- 
lowing  divisions,  including  also  the  anus,  are  deficient :  this  stomach, 
consequently,  is  more  compactly  constructed  in  them  than  in  any  other 
insect,  it  being  composed  of  five  skins,  whereas  the  others  have  but 
three.  It  is  probable  that  both  the  mucous  and  moscular  membranes 
have  separated  into  two  layers  i. 

In  the  Diplera  (PL  X  Vlll.  f.  3.  d)  the  stomach  is  a  long  tube,  which 

frequently  distends  at  the  two  extremities,  and  is  narrowest  in  the 

.centre  {Musca);  a  callous  ring  is  found  at  the  cardia,  which  is  the 

remains  of  a  small  bladder  existing  there  in  the  larva  state ;  the  vicinity 

.  of  the  cardia  is  granulated,  that  is,  uneven,  arising  from  transverse  and 

longitndinal  striie.    Some  of  the  large  group  (perhaps  all),  which 

JL^treille.  calls  the   Diptera  Alkericera,  have    peculiar,    glandular, 

*  Veiglei.  Anatomie,  toI.  !▼•  p.  87. 

t  Compare  TreTinnui,  Yenniickte  Schriften,  roL  ii.  PI.  .XV.  f.  2. 

t  Compare  Suckow,  in  HeqaiDgor  ZdtKhr.  f.  d.  Oitp.  Phyt.  vol  iU.  p.  18.  PI,  VI.  f.  13 1 . 
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seeretoiy  organs  which  eTucaate  themselves  at  the  very  commencement 
of  the  stomachy  closely  behind  the  cardia  *.  They  are  doubtlessly  the 
same  fbnns  we  shall  more  fully  describe  below  in  the  Orthoptera,  and 
which  have  been  considered  as  the  analogues  of  the  pyloric  caecum  of 
the  pancreas,  or  liver. 

The  Neuropiera  have  a  short,  sometimes  smooth,  sometitnes  trans- 
Tersely  striated  cylindrical  or  conical  stomach,  in  front  of  which,  at 
least  in  MyrmecoUon  and  Panarpa,  there  is  a  distinct  proventriculus. 
This  is  wanting  in  the  LibeUuhs  and  Ephemera :  their  stomach  is 
long,  cylindrical,  and  separated  from  the  pharynx  by  a  slight  con- 
striction only.  Lejnsma,  which  genus,  as  well  as  the  two  families  of 
Termites  and  the  mandibulate  parasites,  I  unite  in  the  order  Dicty- 
dopiera,  has  a  very  small  stomach,  and  in  front  of  it  a  proventriculus 
aimed  with  six  teeth,  contiguous  to  which  lies  a  broader  and  larger 
crop.  The  same  is  the  case  in  the  Termites^  but  their  stomach  is 
longer.  The  Mallopkaga  t  have  also  a  tolerably  large  crop,  but  the 
true  stomach  is  small,  and  is  provided  beyond  the  cardia  with  two  con- 
siderable points ;  perhaps  they,  as  well  as  the  genus  Psocus,  for  both 
devour  hard  materials  (the  former,  for  example,  feathers),  are  also 
famished  with  a  proventriculus. 

The  three  remaining  orders  display  stomachs  of  a  much  more  complex 
form  than  the  preceding. 

In  the  Coleopiera  we  find  a  considerable  variety  in  the  structure  of 
the  stomach,  we  observe  the  most  simple  in  those  LameUicornia  which 
feed  upon  feculent  substances,  or  upon  the  juices  of  flowers  (for  ex., 
ScarabauSy  PI.  XX.  f.  2.,  Mehdonlha,  Trichius).  In  these  the  short 
and  narrow  oesophagus  passes,  without  any  distinct  indication  of  its 
termination,  gradually  into  a  very  long,  cylindrical,  and  equally  wide 
stflmacfa.  The  object  of  this  great  length  of  the  stomach  is  evidently 
to  prepare  the  food  more  fully  for  assimilation,  for  in  the  larvffi  of 
these  insects  it  is  much  shorter,  but  in  compensation  it  is  supplied  at 
hoth  ends  with  blind,  pointed  appendages  (oigans  of  secretion),  of 
which,  in  some  cases  (for  example,  Hisier,  a  genus  closely  approximate 
to  the  LamdUeomiay)  traces  still  remain  in  the  perfect  insect.  Next 
to  these,  the  tribes  which  feed  upon  fresh  v^etable  matter,  and  parti- 
cularly the  juices  of  flowers,  the  Chryiomelina  and  Ceramhydna,  have 

*  BombfliMB,  LepHs,  Chrysoi^itum,  lee  Ramdohr,  PI.  XX.  and  XXI. 
t  Cb.  L.  Nitzach,  in  Gennar*a  SCagaz.  der  Entomol.,  vol.  iii.  p.  280.  and  toU  iv. 
^  277. 
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the  most  simple  stomachs ;  in  these  also  it  is  a  long,  tolerably  broad, 
smooth  tube,  which  rarely  (for  ex.,  in  Chrt/somela,)  is  beset  with  short 
flocks.  These  flocks  are  portions  of  the  internal  mucous  membrane 
which  pass  through  the  muscular  membrane,  but  are  not  covered  by  it. 
In  some  genera  (for  ex.,  Lema,  Callichroma  mQschatum,)  portions  of 
this  tubular  stomach  are  broader,  others  again  narrower,  but  in  the 
majority  it  gradually  decreases  in  size« 

The  structure  is  more  anomalous  in  other  families,  which,  although 
chiefly  feeding  upon  vegetable  matter,  consume  it  in  a  more  crude  and 
unprepared  state,  viz  ,  as  fresh  leaves  or  harder  fruits.  The  majority 
of  these  have  also  a  long,  cylindrical  stomach,  but  the  oesophagus  is 
divided  from  it  by  a  distinct  muscular  ring,  and  it  is  more  tense,  and 
occasionally,  as  in  the  Hymenoptera,  transversely  ringed.  Among 
these  are  the  Rkynchopkora,  many  of  which  even  possess  the  proven- 
triculus  and  the  before-mentioned  flocks,  (for  ex.,  Crifptorhynchus  La- 
pathi),  the  Vesicifica(as  Lytta,  Mylahris,  Mclae),  the  tortoise-beetles 
(Cassidaria) y  &c. 

But  the  Buprestidea^  of  aU  the  vegetable  feeders,  exhibit  the  most 
remarkable  structure  of  the  stomach :  in  these,  at  its  very  commence- 
ment, it  distends  on  each  side  into  a  long  blind  appendage,  equal 
indeed  in  length  to  the  stomach  itself;  and  this  appendage,  as  well  as 
the  commencement  of  the  stomach,  is  furnished  throughout  three  parts 
of  its  extent  with  short,  blind  processes,  like  that  of  the  flesh  feeders. 
'Hie  remainder  of  the  cylindrical  stomach  is  smooth  *.  The  Eldterodea 
form  a  transition  to  this  remarkable  arrangement,  for  in  them  the  com- 
mencement of  the  stomach  has  on  the  two  opposite  sides  a  short  folded 
pocket,  it  then  continues,  as  a  narrow,  cylindrical,  transversely  folded 
tube,  and  distends  widely  at  its  termination  t. 

The  Carnivora  display  the  most  complex  structure  of  this  organ 
among  the  Coleoptera  (PI.  XIX.  f.  4.  d,  d).  Here  the  before-described 
proventriculus  lies  in  front  of  the  stomach,  from  which  it  is  separated 
by  a  distinct  constriction ;  the  stomach  itself  is  not  very  long,  at  least 
considerably  shorter  than  in  the  vegetable  feeders,  and  it  is  covered 
upon  the  whole  or  major  part  of  the  upper  surface  with  long,  thin, 
and  blind  flocks.  These  flocks  originate,  as  was  already  observed  in 
Chrywmela,  from  the  inner  mucous  membrane  of  the  stomach,  and 

*  Compare  H.  M.  Gade,  in  tbe  Not*  Acta  Phys.  Med.,  toI.  xt  ptrt  ii.  p.  329. ;  and 
X  F.  Mockers  Beitriige  sar  Yeigl.  Anat.,  toI.  i.  piM  it.  p.  129. 
t  Ramdohr,  PI.  XI.  f.  I. 
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paw  through  the  exterior  muscular  membrane,  the  filaments  of  which 
it  pushes  on  one  side.  They  doubtlessly  consist  of  secerning  organs, 
whose  secretion  makes  more  soluble  the  heavily  digestible  animal 
matter.  These  flocks  are  found  in  the  Cicindelacea,  the  Carabodea, 
the  Hydrocanlkaride9y  the  Brachyptera,  the  Peltodea,  the  Melanaso^ 
mata,  and  the  Helapodetu 

The  stomach  of  the  majority  of  the  Orthopiera  is  still  more  artifi* 
dally  constructed,  although  in  many  respects  not  dissimilar  to  that  just 
described.  They  equally  have  a  crop  and  proventriculus,  the  stomach 
itself  is  not  very  long,  but  tolerably  broad  and  most  frequently 
transversely  ringed  above;  at  its  mouth  there  are  broad,  sack-shaped, 
blind  appendages,  which  are  not  mere  processes  of  the  mucous 
membrane,  but  are  also  covered  by  the  layer  of  muscular  mem- 
brane. There  are  two  such  appendages  in  Acheta  and  Gryllotalpa, 
and  as  many  in  Locusta,  but  here  shorter,  and  more  vesicular.  In 
Oryllus  migraiorius  I  found  six  tubular  ones  (PI.  XXI.  f.  6.)  length-* 
ened  above  and  below,  each  of  which  opened  into  the  stomach  by  an 
oval  aperture  (the  same  a,  a,  a,)  and  thin  tubes,  which  lay  convo- 
luted in  the  tubular  appendages  passed  into  these  openings  from  the 
internal  membrane  of  the  stomach  (the  same  fig.  5.) ;  consequently 
these  apertures  do  not  merely  open  into  the  stomach  itself,  but  also 
between  the  innermost  and  central  membranes  of  the  stomach  (see 
fig.  2.  at  the  *  ).  In  Blalla  there  are  eight  such  appendages,  four 
short  and  four  long ;  these  are  also,  without  doubt,  organs  of  secretion, 
which  have  been  not  inappropriately  compared  to  the  blind  appendages 
in  the  pylorus  of  fishes.  They  would  thus  be  analogous  to  a  gastral 
salivary  gland,  or  pancreas. 

We  have  yet  to  examine  the  stomach  of  the  Hemiplera,  which  is 
the  most  composite  of  all  (PI.  XX.  f.  3).  The  narrow,  and  generally 
long  oesophagus  suddenly  distends  itself  upon  its  entrance  into  the 
abdomen  into  a  broad,  bladder-shaped,  generally  long,  and  often  irre- 
gularly folded  stomach  (d),  which  is,  without  doubt,  analogous  to  the 
crop  of  the  other  orders.  The  Hemiptera  which  imbibe  raw  juices^ 
either  animal  or  vegetable,  require  several  successive  stomachs  for  the 
gradual  transformation  of  these  substances.  The  first  of  these  stomachs 
serves  as  a  preparatory  receptacle,  wherein  the  materials  accumulate, 
and  where  they  are  slightly  changed,  that  they  may  be  more  efifectively 
elaborated  in  the  following  divisions.  This  first  stomach  is  consequently 
the  widest  of  all,  and  thus  corresponds  to  the  crop  of  the  CoUopiera 
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and  Orllioptera.  With  respect  to  its  precise  fomi^  it  is  smooth 
and  cylindrical  in  Nepa,  someivhat  wider  and  transversely  ringed  in 
Lygcetu,  shorter  but  wider^  with  irr^ular  longitudinal  folds,  which 
form  apparent  large  pockets,  in  Cimex,  In  Cimex  rufipts  two  com- 
pactj  rounds  transversely  ringed  bodies  lie  above,  contiguous  to  the 
cardia,  one  upon  each  side  of  it.  In  Cicada  the  first  stomach  is  short, 
but  also  very  broad  and  bladder-shaped.  The  second  stomach  (d  *)  is 
in  general  the  narrowest,  but  always  the  longest ;  it  has  the  appearance 
of  a  compact  muscular  tube,  whose  function  can  be  no  other  than  the 
further  preparation  of  the  imbibed  juices ;  it  is  consequently  of  a  more 
solid  structure,  and  indeed  in  Nepa  *  it  is  internally  covered  with  ele- 
vated ridges^  which  form  a  reticulation  of  hexagonal  cells.  Its  function 
and  even  structure  therefore  correspond  with  the  proventriculus;  it  more 
triturates  the  food  than  extracts  it.  It  is  separated  from  the  following 
stomach  by  a  perfect  sphincter,  and  sometimes  is  distended  in  front  of 
this  into  a  large  bladder  (d*%  Cimex  rufipes,  C*baccarum),  which  must 
not  be  considered  as  a  proper  stomach  but  as  a  second  receptacle  for  the 
triturated  matter^  as  a  second  crop  before  the  third  stomach.  This 
distension^  in  greater  or  less  compass,  appears  peculiar  to  all  the  bugs, 
but  is  wanting  in  the  rest  of  the  Hetniptera.  In  the  Cicada  the 
second  stomach  is  nodose,  very  wide  in  front,  growing  gradually  nar<» 
rower  behind.  The  third  and  last  stomach  (d***)  is  in  the  bugs 
wider  than  the  second,  but  narrower  than  the  crop  lying  in  front  of  it. 
In  form  it  resembles  the  transversely  striped  stomach  of  the  bees,  its 
cavity  being  formed  by  four  half  cylindrical  tubes  {Cimex  haccarum 
aad  C.  prasinus),  and  these  half  tubes  completely  separate  in  C 
rufipes,  so  that  their  third  stomach  properly  consists  of  four  contiguous 
stomachs  t«  In  many  water  bugs,  Hydrocorides  (for  ex.,  Nepa,  Nau- 
coris),  this  stomach  is  wanting,  but  in  compensation  the  second,  as 
well  as  the  following  portion  of  the  intestine,  are  longer,  as  in  the  land 
bugs  {Geocorides),  In  the  Cicadaria  (PL  XVIII.  f.  I.  d^*)  it  is  of 
the  same  length  as  the  second,  but  of  less  breadth,  while  the  second 
(d*)  is  granulated  upon  its  exterior  surface.  Separated  from  the 
former  by  a  distinct  sphincter,  it,  like  it,  gradually  decreases  and  turns 
upwards  into  the  first  stomach,  indicated  as  the  crop  (d),  so  that  the 
transmission   of  the  food  describes  a  complete    circle  in  the   three 

•  Ramdohr,  PI-  XXII.  f.  8. 

f  Oomfwre  G.  R.   Trevinmus,  in   the  Annalen  dcr  Wcttcraasch.  Gcaelltch.  sur  dir 
NaUirgetch,  toI.  i.  No.  it 
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Stomachs.  The  remainder  of  the  intestine  is  continued  at  the  opposite 
side  of  the  stomachy  and  it  is  there  also  that  the  biliary  vessels  empty 
themselves. 

Thus  much  upon  the  form  of  the  stomach  in  the  several  orders  of 
insects ;  with  respect  to  its  structure^  almost  all  that  can  be  said  upon 
it  has  been  mentioned  above^  in  treating  of  the  nutrimental  canal.  The 
three  membranes  described  there  are  found  also  in  the  stomach,  and^ 
here  particularly  distinct.  They  are  here  more  loosely  united  than  in 
any  other  portion  of  the  intestinal  canal,  and  their  exhibition  is  conse- 
quently attended  ivith  no  difficulty.  The  middle  membrane  is  attached 
more  closely  to  the  innermost,  and  the  granules  are  found  in  it  whicth 
Straus  (see  above,  §  96.)  indicated  as  gastral  glands;  between  this  and 
the  inner  mucous  membrane  the  chyle  collects,  and  then  transuding 
through  the  latter,  it  enters  the  abdominal  cavity,  undulating  about  all 
the  organs. 

Bat  little  also  can  be  said  of  the  situation  of  the  stomach,  as  it  is  not 
subject  to  much  deviation  ;  it  is  always  found  in  the  abdomen,  whilst 
the  oesophagus,  and  very  generally  the  crop,  are  seated  in  the  thorax. 
As  soon,  therefore,  as  the  intestinal  canal  enters  the  abdomen  it  becomes 
the  stomach,  and  £requently,  indeed,  even  in  the  thorax  (JUelohniha 
and  many  others).  If  the  intestinal  canal  be  only  as  long  as  the 
body,  the  stomach  then  lies  directly  in  its  axis,  but  if  it  be  longer, 
it  then  makes  windings,  which  are  the  larger  and  more  numerous 
the  longer  and  more  extended  it  happens  to  be.  These  convolutions 
generally  lie  in  the  anterior  portion  of  the  abdomen,  encompassed  and 
retained  in  their  place  by  the  ramifying  branches  of  the  air  vessels,  the 
hinder  portion  being  chiefly  occupied  by  the  sexual  organs ;  the  stomach 
and  intestine  also  approaches  closer  to  the  back,  the  internal  sexual 
organs  filling  the  ventral  portion,  or  the  space  beneath  the  nutrimental 
canal. 

§  106. 

THB    DUODBNUM. 

The  divisions  of  the  nutrimental  canal  which  follow  the  stomach  are 
generally  more  simple  than  the  preceding,  and  also  subject  to  fewer 
changes  of  form.  In  breadth  they  do  not  generally,  with  the  exception 
of  the  last,  or  colon,  equal  that  of  the  stomach ;  they  are  mostly  nar- 
rower, and  also  more  delicately  constructed.  This  entire  intestine  also 
consists  of  the  three  membranes,  which,  however,  often  lie  more  closely 
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attached  to  each  other,  but  frequently  in  the  ilium,  particularly  when 
the  muscular  membrane  is  very  delicate  {Lamia  adiUs)  *,  they  leave 
a  considerable  space  between  them.  Here  and  there  also  the  muscular 
membrane  is  thicker  than  in  the  stomach,  which  may  possibly  be 
explained  by  the  distribution  of  similar  fusciculi  of  fibres  over  a  nar- 
rower space,  whereas  in  those  cases  in  which  this  intestine  is  as 
distended  as  the  stomach  (for  example,  Lamia  adilis,')  the  muscular 
membrane  of  botn  is  uniform  in  its  consistency. 

The  passage  of  the  stomach  into  the  duodenum  is  formed  by  a  dis- 
tinct constriction,  which  supplants  a  sphincter,  or  is  possibly  one ;  the 
ring  thus  projecting  internally  is  called  pylorus,  immediately  beyond 
which  the  mouth  of  the  gall  vessels  pierce  the  intestinal  membranes. 

This  intestine  is  also  separated  into  different  divisions  by  means  of 
constrictions,  which  have  different  functions,  and  have  consequently 
received  different  names. 

The  first  of  these  divisions  is  called  the  duodenum  according  to  Ram- 
dohr,  but  it  is  scarcely  analogous  to  the  similarly  named  portion  of  the 
intestinal  canal  in  the  superior  animals,  but  it  more  probably  entirely 
belongs  to  the  following  ilium.  In  the  few  beetles  in  which  it  has  been 
hitherto  observed  (^Silpha,  Necrophorus,  Melolontha,  Lampyris)  it 
generally  appears  as  a  short,  smopth  tube,  of  equal  width,  or  narrower 
{Melolontha)  than  the  ilium,  from  which  it  is  distinguished  exteriorly 
by  the  ringed  constrictions  of  the  latter  {Necrophorus  1^,  Silpha  J).  A 
stronger  ringed  constriction  separates  it  from  the  following  portion  of 
the  small  intestines. 

§  107. 

THE    ILIUM. 

Wherever  the  duodenum  is  wanting  the  ilium  (PI.  XVII. — XXII. 
Ky  E,)  follows  immediately  upon  the  stomach,  from  which  it  is  separated 
by  the  above  described  pylorus.  This  portion  of  the  intestine  is  likewise 
sometimes  wanting,  so  that  the  stomach  lies  immediately  contiguous  to 
the  colon  {LibeUula  §,  Reduvius  ||).  This  appears  to  be  the  general 
rule  of  structure  in  the  bugs ;  and  when  even  occasionally  a  small 
portion  of  the  intestine  is  found  beyond  the  stomach  in  which  the 
biliary  vessels  bury  themselves,  it  is  nevertheless  so  inconsiderable 

•  lUmdohr,  PI.  IX.  f.  6.  f  lb.,  PI.  V.  f.  1.  X  lb.,  PI.  IV.  f.  2. 

§  lb.,  PI.  XV.  f.  4.  II  lb.,  PI.  XXV.  f.  5. 
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that  it  may  consistently  be  considered  as  deficient.  This  deficiency  in 
tbem  may  be  accounted  for  by  the  number  of  their  stomachs,  for  that 
transmntation  of  the  food  which  is  properly  the  function  of  the  ilium 
takes  place  in  their  third  stomach,  and  which  consequently  renders  the 
ilium  unnecessary. 

With  respect  to  its  structure,  we  have  already  indicated  some  of  its 
wcoliarities  in  treating  upon  the  membranes  of  the  stomach.  Those  of 
the  ilium  are  generally  tenser  than  the  latter ;  it  is  invariably  equally 
distended,  and^  as  it  were,  inflated,  whereas  the  stomach  is  not  un- 
usually folded  np.  We  have  already  mentioned  that  the  ilium,  as  well 
as  the  stomach,  is  frequently  transversely  ridged,  and  by  this  means  is 
distinguished  from  the  duodenum. 

The  length  and  situation  of  the  ilium  varies  considerably ;  it  is  rarely 
so  long  or  longer  than  the  body  (Necrophorus),  in  general  shorter,  and 
eren  shorter  than  the  stomach.  The  latter  proportions  are  found  espe- 
dallf  in  the  Chrysomelina,  and  in  many  others  which  feed  upon 
Tegetable  matter  it  is  the  general  rule.  In  many  of  the  camivora,  for 
example,  the  water-beetles  (Ht/drocantharides),  the  ilium  on  the  con-> 
trary,  is  longer  than  the  stomach,  particularly  in  their  larvae,  in  which 
it  is  twice  as  long;  but  this  is  not  the  case  in  the  ground-beetles 
(CictR4/e^cea  and  Carabodea),  the  ilium  in  them  being  not  so  long  as 
the  stomach.  The  butterflies  have  the  longest  ilium,  in  proportion  to  the 
stomach  of  all  insects,  for  in  them  it  is  not  merely  twice  as  long,  but 
even  three  or  four  times  the  length  of  the  stomach,  which  is  the  more 
extiBordinary  as  in  the  caterpillar  it  is  excessively  short,  scarcely 
extending  to  one-eighth  of  the  length  of  that  organ.  In  the  Dtptera 
alao  it  is  shcnter  than  the  stomach ;  in  the  bugs  alone  is  it  sometimes 
vholly  deficient.  It  is  regularly  wanting  in  the  Libellulce  and 
Ephemera.  There  are  no  fixed  laws  which  regulate  the  length  of  the 
ilium,  but  Ramdohr  has  endeavoured  to  show  its  most  prevalent  pro- 
portions to  the  stomach  and  the  other  parts ;  they  are  as  follows : — the 
most  nsual  relation  to  the  stomach  is  as  1:1,  or  1:3;  to  the  whole 
intestme  1 : 5,  or  likewise  1 : 3.  Some  of  the  proportions  are  extra- 
ordinary, as  in  Necrophorus,  viz.,  the  ilium  to  the  intestinal  canal  as 
2: 3,  to  the  stomach  as  9 :  4 ;  indeed,  this  beetle  has  tlie  longest  ilium 
of  any  yet  investigated.  In  Tenthredo  nigra  it  is  very  short,  viz.,  in 
proportion  to  the  entire  nutrimental  canal  it  is  as  1 :  17*  In  the  cater- 
pillars of  the  butterflies  it  is  always  very  short,  and  in  general  it  is 
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short  in  all  larvee^  aud  it  is  the  shorter  in  proportion  to  the  extension 
of  the  stomach. 

The  situation  of  the  ilium  is  so  far  determined  that  it  is  always  found 
beneath  and  contiguous  to,  and  never  above  the  stomach,  but  its  situa- 
tion in  itself  varies  considerably.  In  perfect  insects  it  is  seldom  straight, 
but  always  so  in  those  whose  intestine  is  not  longer  than  the  body 
(Gri^llus,  Phasma,  the  larvie  of  butterflies).  In  the  opposite  cases  it 
makes  convolutions  of  different  size  and  form,  which  are  the  more 
numerous  and  larger  the  more  extended  the  ilium  itself  is. 

§   108. 

In  some  instances  the  ilium  appears  under  a  different  form,  namely, 
gradually  distended,  and  thus  becoming  clavate,  which  is  however 
peculiar  to  a  few  beetles  only.  According  to  Ramdohr,  who  considers  a 
thus  distended  ilium  as  a  distinct  portion  of  the  intestine,  it  is  called 
the  CLAVATB  intestine.  In  the  Chrysomelina  the  short  ilium  is  thus 
frequently  distended.  In  many  of  the  Capricorn  beetles  a  somewhat 
distended  portion  of  the  intestine  is  separated  by  a  constriction  from 
the  very  narrow  ilium,  and  this  represents  the  clavate  intestine. 

In  the  Lamellicornia  (Melolonlka,  for  ex.)  the  clavate  intestine 
appears  likewise  as  a  distended  sack-shaped  ilium,  and  is  therefore 
called  by  Ramdohr  the  thick  intestine.  It  is  particularly  distinct 
and  large  in  the  larvs  of  these  beetles  (PI.  XX.  f.  I.  f)  ;  here,  namely, 
it  appears  as  a  broad  bag  here  and  there  constricted,  which,  in  its 
natural  situation,  turns  back  upon  the  stomach  firom  its  commence- 
ment, and  extends  as  far  as  the  length  of  the  narrow  ilium  will  admit, 
consequently  to  the  end  of  the  stomach.  The  bag  here  contracts, 
and  the  again  narrow  colon  originates  beneath  it,  in  a  bow  of  it, 
taking  its  course  in  a  contrary  direction  towards  the  anus.  In  the 
perfect  beetle  (the  same  fig.  2.)  this  bag  is  to  be  distinguished  exte- 
riorly only  as  a  bellied  distension  of  the  ilium,  which,  at  least  in  Melo* 
lontha,  has  five  slight  impressions.  But  if  this  portion  be  opened  live 
elevated  ridges  are  observed,  which  are  divided  by  incisions  at  regular 
distances,  so  that  each  band  appears  to  consist  of  short,  contiguous, 
three-sided  prisms*. 

If  the  name  of  this  portion  of  the  intestine  is  to  be  determined  accord- 
ing to  its  divisional  distance  from  the  stomach  it  must  be  considered  as 

*  Suckow  in  Heunngvr,  toL  iii.  PI.  .  f.  94.     Straus  Duickheim,  PL  V.  f.  8. 
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the  true  ilium,  which  is  however  contradicted  by  its  function^  which^ 
like  that  of  the  cecum  of  the  glires  of  the  mammalia^  subjects  the 
food  to  A  second  digestion  and  extraction  before  it  is  rejected.  We  are 
convinced  of  this  by  the  comparison  of  its  state  in  the  stomach,  and 
in  this  portion  of  the  canal,  for  we  find  it  here  much  more  pappy  than 
there,  but  yet  not  so  viscous  as  in  the  colon. 

(  109. 

THE   COLOK. 

The  last  division  of  the  intestinal  canal  is  called  the  colon  (PI. 
XVII. — XXII.  H,  H,).  It  is  divided  from  the  preceding  portion  of 
the  intestine  by  a  valve  which  can  completely  shut  its  aperture.  6.  R. 
Treviranus  was  the  first  to  describe  and  figure  it  *.  Its  internal 
surface,  particularly  near  the  mouth  of  the  ilium,  is  thickly  beset  with 
glandular  warts  or  flocks,  which  are  not  found  in  the  ilium  itself.  We 
have  observed  glands  only  in  the  crop,  and  as  their  function  there  was 
evidently  the  secretion  of  the  first  menstruum  of  the  food,  they  may 
here  possibly  produce  a  secretion  to  assist  the  rejection  of  the  feces. 

The  COLON  generally  exceeds  the  ilium  in  size,  but  when  the  conical 
or  thick  gut  precedes  it  it  is  narrower ;  but  it  then  is  even  longer  than 
the  ilium,  which  is  not  usually  the  case.  The  form  of  the  colon 
varies,  sometimes  cylindrical,  or  clavate,  or  distended  above  (bees) ; 
sometimes  sack-shaped  (^Carabodea),  or  longitudinally  folded  within 
(caterpillars  and  the  larve  of  Calosoma),  These  folds  are  produced 
by  the  internal  intestinal  membrane,  and  are  either  straight  or  waved, 
and  supported  by  horny  ridges.  The  muscular  membrane  does  not 
assist  to  form  these  folds,  but  it  is  more  compact  and  firmer  than  in 
the  preceding  portions  of  the  intestine,  yet  the  above  described  thick 
gut  or  occasional  analogue  (by  situation)  of  the  ilium  is  frequently 
much  more  fibrous.  The  colon  is  also  occasionally  fenestrate,  that  is 
to  say,  there  are  six  ovate  transparent  spots  in  it  which  are  surrounded 
by  a  homy  margin  or  edge,  and  form  either  one  or  two  rows,  varying 
in  situation,  so  that  the  spot  in  the  lower  row  lies  where  in  the  upper 
one  is  found  the  intervening  space.  This  structure  Suckow  first 
observed  in  the  bees  f-  I  found  in  Harpalus  rtificornis  a  perfectly 
^milar  structure  of  the  colon,  these  fenestral  spots  were  in  the  internal 

•  .Venniachte  Schriften,  vol.  ii.  p.  105.  PI.  XII.  f.  3. 
t  In  Heuungcr  Zeitschr.  f.  d.  Org,  Ph.,  vol.  iii.  PI.  VI. 
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membrane,  and  were  very  bright  and  transparent.  According  to 
Ramdohr's  observations^  the  width  of  the  colon  is  in  proportion  to 
that  of 'the  pharynx  (crop),  for  where  the  latter  is  broad  so  is  also  the 
colon,  and  vice  versd. 

The  situation  of  the  colon  is  always  determinate^  for  it  is  always 
found  at  the  apex  of  the  abdomen,  surrounded  by  its  last  segments. 
The  evacuating  opening,  or  anus,  is  found  in  the  last  segment  itself; 
it  is  covered  above  by  a  peculiar  valve,  and  beneath  this  the  anal 
vessels,  which  we  shall  describe  lower  down,  open  themselves.  The 
corresponding  lower  valve  conceals  the  sexual  aperture,  bo  that  both 
the  anal  and  sexual  apertures  open  into  one  cavity,  which  might  be 
called  the  cloaca,  and  which  are  separated  only  by  a  fold  if  no  other 
organ,  for  example,  an  ovipositor,  be  present.  The  anus,  us  well  as  the 
ilium  and  its  correspondent  the  thick  gut,  are  wanting  in  the  larvae  of 
the  bees,  wasps  (PL  XVII.  f.  9.),  the  Formicaleo,  and  of  perhaps  all 
the  internal  parasites,  for  example,  the  Ichneumons  ;  their  intestinal 
canal  consisting  of  the  pharynx  and  stomach,  and  a  small  bag  beyond  it, 
into  which  the  biliary  vessels  open  themselves ;  it  is  here  that  the  fieces 
collect,  which  are  evacuated  upon  the  perfect  insect  quitting  the  pupa 
state,  when  it  is  provided  with  an  anus. 

§    110. 

THB    C^CUM. 

In  many  insects  we  find,  in  connection  with  tlie  colon,  a  blind,  sack- 
shaped  appendage,  or  rather  similarly  shaped  superior  distension  of  it 
which  we  call  caecum  (PI.  XIX.  f.  3  and  4  o,  g).  It  originates  at  the 
very  commencement  of  the  colon,  contiguous  to  its  connection  with  the 
ilium,  and  extends  anteriorly  towards  the  stomach,  in  either  larger  or 
smaller  distension ;  it  is  consequently  not  separated  from  the  colon  by 
any  constriction  or  valve,  but  both  cavities  are  in  immediate  connection 
with  each  other.  This,  as  well  as  their  uniformity  of  structure,  proves 
that  it  must  only  be  considered  as  a  distension  of  the  colon.  In  form 
this  caecum  is  sometimes  nodose  (Silp/ia)  and  directed  forwards,  some- 
times laterally  distended  {Necropharus) ,  sometimes  it  is  a  long  tubular 
point  ( Dtfticus),  sometimes  a  shorter  cylindrical  process  of  equal  width 
with  the  colon  {Nepa),  similar  to  this,  but  sometimes  slightly  con- 
stricted at  its  commencement,  we  find  it  in  the  butterflies.  It  thence 
appears  that  this  portion  of  the  intestine  is  more  peculiar  to  the  car- 
nivorous tribes,  as  Ramdohr,  somewhat  justly,  remarks;  yet  its  struc* 
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ture  in  the  nMstar-sucking  butterflies  modifies  this  assertion.  The 
caecum  might  also  here^  as  in  the  Mammalia,  have  the  function  of  a 
seomd  ^stomach,  and  thus,  therefore,  be  more  serviceable  to  the  car- 
nivora,  which  consume  coarser  materials  than  the  vegetable  feeders, 
which  are  besides  provided  sometimes  (Mehloniha,  &c.)  with  ana- 
logous organs,  as  the  clavate  and  thick  intestine.  The  caecum  is  repre- 
sented in  the  Carabodea  by  the  broad  sack-shaped  colon.  The  long 
cKcum  of  the  water-beetles  has,  according  to  Leon  Dufour,  the  func- 
tion of  a  swimming  bladder,  which  is  much  to  be  doubted  in  the  CoU^ 
oplera,  they  being  provided  with  so  many  air  vessels :  we  cannot  either 
well  imagine  how  air  can  be  introduced  into  it,  certainly  not  through 
the  anus ;  for  it  is  not  for  this  purpo^  that  water-beetles  raise  their 
anal  ends  to  the  surface  of  the  water,  but  to  take  air  beneath  their 
elytra,  as  has  been  long  well  known. 

§   111. 

THB   BILIABY   VB8SBL8. 

The  BILIARY  VE88BLS  (voMO  bilifeta,  (PL  XVII. — XXII.  k,  k,) 
occupy  the  first  place  among  those  organs  which,  although  distinct,  stand 
however  in  direct  connection  with  the  intestinal  canal.  They  are  narrow 
filiform  tubes,  which  open  at  one  end  into  the  duodenum,  and  where 
this  is  wanting  into  the  ilium  close  behind  the  pylorus,  and  at  the 
other  end  are  either  free  and  closed,  or  pass  into  each  other  and  thus 
apparently  form  one  vessel,  which  pierces  the  intestinal  membranes 
with  both  its  ends.  The  biliary  vessels  also,  at  least  according  to  Ram- 
dohr,  sometimes  empty  themselves  into  the  end  of  the  stomach,  some- 
times (for  example,  in  Meloe,)  upon  the  limits  of  both,  that  it  is 
difficult  to  say  whether  it  is  the  stomach  or  intestine.  According  to 
Ramdohr,  the  mouth  of  the  biliary  vessels  does  not  pierce  the  internal 
intestinal  membrane,  but  only  the  exterior  muscular  one,  which 
assertion,  however,  is  contradicted  by  Meckel's  observation,  for,  by 
pressing  these  vessels,  he  forced  their  contents  into  the  intestine.  In 
ftct,  the  biliary  vessels  always  enter  the  cavity  of  the  intestine,  and 
their  mouths  lie  at  the  same  height,  forming  a  circle  around  it; 
more  rarely  upon  one  side  only,  for  example,  in  a  vesicular  disten- 
sioa  of  the  ilium  in  Lygceus  apterus.  Other  differences  in  the  mode 
of  their  ev^icuating  themselves  are  not  rare.'  In  the  flies  {Muscaria) 
the  four  biliary  vessels  unite  into  two  short  stems,  which  open  into  the 
intestine  at  its  opposite  sides,  or  all  four  form  but  one^  as  in  Cimex 
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baccarum.  Occasionally^  also,  the  openings  of  the  gall  vessels  do  not 
lie  by  the  side  of  but  above  each  other,  for  example,  in  some  of  the 
Neuroptera,  in  which  four  of  the  eight  biliary  vessels  enter  upon  the 
one  side  and  the  other  four  upon  the  other  side  of  the  intestine  (Afyr- 
mecoleon).  If  many  biliary  vessels  exist  their  mouths  lie  contiguously, 
above  and  below  each  other,  or  although  more  rarely,  all  upon  one  side 
(Achela),  or  else  they  unite  into  a  tolerably  long  evacuating  duct, 
(for  example,  Gryllotalpd), 

In  form  these  vessels  are  generally  narrow,  cylindrical,  filiform,  and 
twisted,  but  they  are  not  always  of  the  same  dimensions  throughout : 
many  commence  narrowly  and  afterwards  double  in  size ;  some,  by  means 
of  a  spiral  furrow,  resemble  a  turned  slip ;  others  have  alternately 
small  vesicular  distensions  (Musca) ;  a  few  have  long  rectangular  pro- 
cesses, which  are  occasionally  furcate  (^Melolonlha  vulgaris). 

There  are  generally  four  in  number,  never  fewer,  unless  entirely 
wanting  (Chermes,  Aphis),  sometimes  there  are  six  or  eight,  and  they 
sre  even,  occasionally,  innumerable.  These  differences  in  number  are 
regulated  by  the  order  to  which  the  insect  belongs  as  well  as  by  its  food, 
whether  it  be  vegetable  or  animal,  as  is  shown  in  the  following  table: — 
I.  No  biliary  vessels,  Chermes,  Aphis, 
II.  Pew  (4— 8)  biliary  vessels. 

1 .  Four  biliary  vessels. 

a.  Free  at  the  end;  most  Diptera,  as  well  as  the  femilies 

Termitina,  Psocina,  and  MaUophaga,  of  the  order 
Diclyoloplera. 

b.  Anastomosing;   many  Coleoptera,   Hemipiera,  and 

Diptera, 

2.  Six  biliary  vessels. 

a.  Anastomosing ;  many  Coleoptera,  for  example,  Cr- 

rambycina  and  Chrysomelina, 

b.  Free  at  the  end,  Lepidoptera, 

3.  Eight  free  biliary  vessels,  Neuroptera. 

III.  Many  biliary  vessels,  Hymenoptera,  Orthoptera,  and  the  Dte- 
tyotopiera  subulicornia. 

Occasionally  the  biliary  vessels  join  the  intestinal  canal  at  a  second 
place,  but  this  union  takes  place  only  with  the  exterior  muscular  mem* 
brane,  for  it  is  attached  by  means  of  solitary  fibres,  but  a  second  open* 
ing  into  the  intestine  does  not  occur.  This  union  is  found  chiefly  in 
those  insects  furnished  with  a  davate  intestine  (the  analogue  of  the 
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ilium),  for  example,  the  Ceramb^cina,  most  of  the  Neuroptera,  and  the 
Cicadaria. 

Tht  length  of  the  biliary  vessels  is  in  direct  proportion  to  their  num- 
ber, for  when  there  are  but  few  they  are  very  long,  indeed  the  longest 
of  all  (for  example,  MeloUmtha) ;  but  they  are  short,  on  the  contrary, 
where  they  are  numerous,  for  example,  in  Grylloialpa,  LibelluUij  &c. 
The  long  biliary  vessels  lie  generally  around  the  intestine ;  they  first 
ascend  parallel  to  the  stomach  as  far  as  the  pharynx,  they  then  return 
and  form  a  thick  knot  of  vessels  around  the  ilium ;  where  there  are  many, 
some  return  upwards  along  the  stomach,  and  the  rest  below  along  the 
ilium.  The  length  also  of  the  single  biliary  vessels  sometimes  varies, 
for  example,  in  the  Ceramhycina,  in  which  they  form  concentric  circles, 
but  the  two  opposite  sides  are  always  of  the  same  length. 

The  biliary  vessels  are  also  always  more  simply  constructed  than  the 
intestinal  canal,  for  they  appear  to  consist  of  but  a  single  skin,  which, 
besides,  is  very  delicate  and  transparent,  so  that  their  contents  can  be 
distinctly  recognised  as  a  finely  granulated  mass.  The  delicacy  of  the 
smooth  shining  case  is  proved  by  the  difficulty  of  removing  the  biliary 
vessels  from  the  enveloping  fatty  substance,  and  by  their  being  very 
easily  torn,  even  when  the  greatest  precaution  is  used. 

In  colour  they  generally  resemble  the  yellowish  white  of  the  intes- 
tinal canal ;  in  some  beetles  (for  example,  Carabus^  Dyticus,)  they  are 
.of  a  dark  brown,  but  which  becomes  paler  as  it  approaches  the  opening. 
In  many  caterpillars,  while  parallel  with  the  stomach  they  are  whitish, 
but  at  the  intestine  of  a  saffron  yeUow ;  Swammerdam  thence  applied 
the  name  of  saffiron  vessels  to  them. 

It  may  be  here  remarked,  at  the  dose  of  our  observations  upon 
the  biliary  vessels,  that  some  insects  in  which  they  are  numerous, 
for  example,  the  bees  and  wasps,  have  in  their  larvae  state  but  few 
(4 — 6)  long  and  thick  ones,  which,  by  degrees,  whilst  during  the  pupa 
Bt^te  the  remaining  gall  vessels  are  forming,  shrink  up,  and  become 
shorter  until  they  contract  to  the  same  length  as  the  rest  *>  Do  they 
not  perhaps  entirely  disappear,  and  are  replaced  by  the  shorter  ones  ? 
Perhaps  they  are  very  different  vessek  possessing  a  differejit  function, 
which  probably  disappears  when  the  intestine  and  anus  become  formed 
in  the  insect. 

•  See  Bundohr,  Fl.  XII. 
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§    112. 
THE    8A  LI  VARY   VESSELS. 

CuTier  saysy  in  bis  '*  Comparative  ADatomy»"  that  the  Mcretoiy 
<irgaas  of  insects  always  assume  a  tubular  fonuj  and  that  coosequently 
conglomerate  glands  are  wholly  wanting  in  them*  This  assertion  is 
strictly  true  with  respect  to  the  biliary  vessels,  which  have  been  con- 
sidered as  analogous  to  the  liver^  but  in  the  salivary  vessels  we  find 
exceptions,  and  which  are  most  strongly  exemplified  in  the  testes^  some 
of  which  (the  epidydvmis  in  Htfrdophiius)  possessing  many  accumulated 
acini.  Nevertheless,  the  form  considered  by  Cuvier  as  universal  is  cer- 
tainly the  most  general. 

Under  the  name  of  salivary  vessels  we  comprehend  those  glandular 
appendages  of  the  nutrimental  canal  whidi  evacuate  themselves  either 
into  the  mouth  or  into  the  commencement  of  the  intestine  in  front  of 
the  stomach,  and  by  their  secretion  promote  the  digestion  of  the  food. 
The  following  are  their  chief  differences : — 

A.  Salivary  vessels  which  open  into  the  mouth,  generally  beneath 
the  tongue,  and  more  seldom  at  the  base  of  the  mandibles,  lliey 
take  the  following  forms: — 

1.  As  simple,  long,  undivided,  twisted  tubes;  thus  in  the  ma- 

jority of  insects,  vis.,  all  butterflies,  many  beetles  and  flies. 

2.  As  a  narrow  vessel  which  empties  itself  into  one  or  two  blad- 

ders, whence  the  salivary  duct  originates  (Nepoy  PL  XXIL 
f.  1 ;  CimeXy  PL  XX.  f.  3*  a,  a  ;  Sarcophaga)* 

3.  As  a  ramose  vessel  with  blind  branches,  (Blaps^  PL  XXII. 

f.3), 
4«  As  two  long,  cylindrical  pipes,  which  unite  into  ime  evnctip* 

ating  duot  (Reduviui,  PL  XXI.  f.  15). 
5.  As  four  small,  round  bladders,  each  pair  of  which  have  a 

common  duct  (PuUx,  PL  XXI.  f.  16;  Lfgesus,  CSmeat), 
&  As  a  multitude  of  such  vesicles  in  Nepa  (PL  XXII.  f.  2). 

7.  As  capitate  tubes,  in  the  free  ends  of  which  many  veiy  fine 

vessels  empty  themselves  (  Tabanus,  PL  XXIL  1 4). 

8.  As  tubes  which  at  intervals  are  surrounded  by  twiriiogUind 

bags  (Cicada,  PL  XXII.  f.  6). 

9.  As  granulated  glands  which  •n  each  side  unite  into  a  wtUwwaj 

duct,  both  of  which  join  int#  a  single  oMwmiling  dnct  (Grjfi- 
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iauy  PL  XXI.  f.  12.)*    J*  Miiller  observed  such  granulated 
aab'vary  glands  in  Phasma;  Treviranus  in  Apis;  and  I 
have  found  them  in  Locusta^  GryUus,  and  Termes. 
&  The  salivary  vessels  which  do  not  empty  themselves  into  the 
moathy  but  into  the  commencement  of  the  stomach.     These  we 
have  already  partially   described,   in   treating. of   the  stomach 
((  105),  as  short  or  long  bags,  which  were  either  simple  or  fiir- 
nisfaed  with  processes  (BuprestU) ;  other  forms,  as  well  as  those 
just  dted,  are  found  chiefly  among  the  Diptera. 
1.  As  two  capitate  tubes,  in  the  free  ends  of  which  many  delicate 
vessels  open,  we  perceive  them  in  Hemerobius  perla  (PI. 
XXII.  f.  4). 
3.  As  two  short  processes  of  the  same  width  as  the  stomach,  in 
Leptis  (PL  XXII.  f.  6.  a,  a,)  and  Achetcu 

3.  As  two  bags  covered  entirely  with  short  blind  processes  in 

BombyUus  (PL  XXU.  f.  7) and  Bupresiis  (§  105). 

4.  As  triangular  processes,  each  edge  of  which  is  occupied  by  a 

row  of  vesicles  in  Chrysoloxum  (PL  XXII.  f.  8). 

5.  As  six  narrow  tubes,  which  surround  the  commencement  of 

the  stomach  in  GryUuM  (PI.  XXI.  f.  1  and  6). 

6.  We  also  consider  the  blind  processes  which  clothe  the  stomach 

in  the  predaceous  beetles  among  the  salivary  vessels. 

Salivary  vessels  which  open  into  the  mouth  are  found  in  all  the 
hamtellate  and  in  many  mandibulate  insects  which  feed  upon  hard  sub- 
itances.  Ramdohr  was  the  first  to  observe  them  amongst  the  beetles 
in  Cnfptcrhynehus  Lapathu  In  this  insect  he  found  a  long  twisted 
vnttl,  which  opened  into  the  mouth,  which  is  indeed  contrary  to  all 
sntlogy,  for  the  salivary  vessels  are  elsewhere  found  in  pairs.  Leon 
Dofeor  subsequently  discovered  salivary  vessels  in  many  Heteromera, 
vis.,  (Edemera,  Mycterut^  MardellUf  &c.  I  have  found  them  of  the 
above  form  among  the  Orihoptera,  in  Locusta^  and  Gryllus^  and  among 
the  Dkiyotaplera  in  Termes.  Among  the  Neuroptera,  Hemerobius 
and  Phryganea  exhibit  salivary  organs. 

The  salivary  oi^ians  which  empty  themselves  into  the  stomach  are 
fimsd  among  the  beetles,  especially  in  those  which  devour  flesh  and 
vood;  and  in  those  Orthoptera  also  which  feed  upon  hard  vegetable 
mstter,  and  in  the  Dipiera,  among  the  Syrphodea,  which  consume 
the  nectar  of  flowers,  and  probably  also  tlieir  pollen.  Among  the 
gnaihoppeis  we  occasionally  find  both  kinds  of  salivary  organs. 

L 
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Where  we  meet  with  salivary  vessels  we  generally  find  two ;  some 
insects  have^  on  the  contrary,  four,  each  pair  of  which  unite  into  one 
evacuating  duct  {Apis,  Cimex,  Pulex) ;  Nepa  has  even  six  salivary 
vessels,  three  on  each  side,  all  of  which  (^len  into  the  cavity  of  the 
mouth ;  two  unite  on  each  side  into  one  stem,  the  third,  which  has 
been  considered  as  a  pcMson-secreting  organ,  remains  separated  as  far 
as  the  mouth. 

Many  larvie,  particularly  the  caterpillars  of  the  Lepidoptera,  have 
also  four  salivary  vessels  of  different  structure ;  two  are  slender^  very 
long  (^Cosaus)y  and  filiform  ;  two  broader,  sometimes  bag^shaped  (for 
example,  Cossus  ligniperda,  O.),  and  considerably  shorter.  The  first 
secrete  a  viscous  liquid,  from  which  the  caterpiUar  spins  its  silk.  The 
evacuating  ducts  of  both  unite  into  one,  and  open  into  the  under  lip, 
namely,  into  the  canal  of  the  above  (§  54)  described  spinneret.  This 
pipe  would  therefore  be  more  correctly  called  spinning  vessel.  Such 
spinning  vessels  are  naturally  found  only  in  those  larvae  which  prepare 
a  web  for  their  pupa  change,  such  as  the  caterpillars  of  the  nocturnal 
Lepidoptera,  the  larvae  of  the  saw-flies,  and  of  the  Phryganodea.  It 
distinguishes  itself  chiefly  by  its  length  and  size  from  the  true  salivary 
vessels,  which  are  often  very  small  and  insignificant.  The  true  salivary 
vessels,  according  to  Suckow  *,  open  at  the  base  of  the  upper  mandible 
with  a  small  warty  protuberance  (PI.  XXI.  f.  13),  and  remain  even  in 
the  perfected  moth;  whereas  the  spinning  vessels  totally  disappear 
during  the  pupa  state  f . 

In  M^rmecokau  the  spinning  vessels  lie  at  the  anal  end  of  the 
abdomen,  and  true  salivary  vessels  have  jiot  yet  been  observed  in  it  $. 

The  structure  of  this  organ  appears,  according  to  aU  investigations 
hitherto  instituted,  to  be  very  variable,  for  sometimes  there  are  two 
membranes  (the  muscular  and  mucous)  and  sometimes  but  one*  The 
former  vary  in  consistency,  but  occasionally  are  uniform  with  those  of 
the  intestine ;  in  the  latter  case  they  are  transparent  and  delicate,  and 
occasionally  granulated  or  irregular. 

The  length  also  of  the  salivary  vessels  diflfers  much :  in  aome  cater- 
pillars they  are  two  mr  three  times  as  long  as  the  intestine ;  in  perfect 
insects,  on  the  contrary,  they  are  generally  shorter,  and  do  not  usvaUy 


•  Suckow'8  Phytiol,  Untornich.  uber  IuBccton  und  Krustenthlere,  p.  28.  PI.  VII.  f.  32.  a. 
f  lb.  p.  29.  PI.  II.  f.  1— 10.h.  h. 
:  Ramdohr,  PL  XTIL  f.  1—4. 
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extend  beyond  the  thorax.  It  is  thenoe  that  wi»  detect  the  salivary 
TesKls,  with  the  exception  of  the  very  long  ones  of  caterpillan^  only  in 
the  thorax.  They  here  lie  aroond  the  pharynx,  crop,  or  stomachy  g«M^ 
rsUy  lam  doiwn  in  the  breast  between  the  ccxxie  of  the  1^,  whilst  their 
mesndering  evacuating  dnct,  rising  from  beneath  the  nutrimental  canal, 
ascends  to  die  cavity  of  the  month,  and  here,  after  having  nnited  with 
its  companion,  opens  beneath  the  tongue.  Locusta  displays  this 
spertore  very  distinctly.  In  the  bees,  in  which  the  salivary  organ 
osnsists  of  fonr  granulated  valves,  the  anterior  one  lies  in  the  head, 
diredly  benoath  the  forehead,  before  the  eyes,  and  was  originally  de- 
scribed by  Ramdohr  as  the  organ  of  smell,  but  subsequently  recognised 
as  the  salivary  gland.  The  evacuating  duct  empties  itself  into  the  tube 
of  the  pvobonddeal  tongue,  and  is  a  spiral  vessel  resembling  the  trachea, 
as  Treviranns  has  described  and  figured  it  * ;  in  Locusta  I  found  it 
flimple,  thin,  and  transparent,  but  accompanied  by  a  deHcale  tiacfaea, 
which  followed  it  throughout  all  its  ramifications  and  divisions, 

§  113. 

THB   0BINART   VB8SBLS. 

As  the  last  distinct  organ,  but  which  is  doubtlessly  in  strict  con- 
nection with  the  digestive  apparatus,  we  must  take  some  notice  of  the 
variously  formed  urinary  vessels,  which  empty  themselves  above  the 
anns.  These,  like  the  salivary  vessels,  are  sometimes  mere  vascular 
canals,  at  others  glandular  bodies  which  in  the  latter  case  unite  into 
ooe  duct,  to  which  not  rarely  there  is  attached  a  vesicular  distension — 
the  UBiNART  BiiABDBB.  The  duct  of  the  latter  is  always  separated, 
and  never  unites  to  those  of  the  opposite  side,  and  empties  itself 
laterslly  contignoas  to  and  above  the  anus,  but  strictly  separated  from 
it  by  the  anal  valve. 

niese  vessels- are  fi^und  in  all  the  Carabodea  and  the  Hydrocantha* 
rides,  in  many  Heteramera  (Blaps},  and  again  in  BombyUus  and 
Ltf/^y  among  the  Dipiera,  Ramdohr,  who  first  observed  them,  drew 
them  to  the  intestine,  and  called  them  anal  vessels;  but  Leon  Dufour 
anbsequently  described  many  of  their  forms  in  detail  f. 

In  their  moat  simple  form  (in  Harftalus)  the  urinary  vessels  appear 
aa  renifinm  bodies  contignous  to  the  colon,  whence  a  short  evacuating 

•  TonuMlite  SduiC,  toI.  ii.  p.  123.  PI.  XV.  I  1. 

t  JUnkt  d«  Sdraen  Natur.,  t.  8.  p.  6.  PI.  XIX.  and  XX. 

l2 
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duct  extends  to  the  orifice.  In  Carabus  auraius  this  body  is  a  bunch 
of  small  round  vesicles ;  in  Car.  cancellatus  it  is  divided  into  two  equal 
halves,  the  two  short  ducts  of  which  speedily  unite  into  one.  The 
urinary  bladder,  which  is  wanting  in  Harpalus,  is  present  in  Carabus, 
has  the  shape  of  a  fig,  and  stands  almost  at  right  angles  with  the  eva- 
cuating duct.  It  is  much  the  same  in  Cymindis  humeralU;  in  Apiinus 
three  equal  ducts  open  into  the  bladder,  each  of  which  originates  from 
five  granulated  glands  with  live  branches.  In  Brachinus  the  glands 
are  convolutions  of  shorter  or  longer,  and  sometimes  furcate  filaments. 
In  Cklanius  and  Sphodrus  there  are  many  solitary  granules,  each  of 
which  has  a  small  duct,  they  all  unite  into  one  stem,  which  then  opens 
into  the  bladder. 

.  In  the  water  beetles  (PI.  XXI.  f.  11.)  the  portion  lying  above,  and 
over  the  urinary  bladder,  is  but  a  simple,  twisted,  but  tolerably  long, 
although  delicate  vessel ;  the  bladder,  on  the  contrary,  is  round,  but 
not  petiolated.     It  is  the  same  in  Bombylitu. 

With  respect  to  the  structure  of  these  organs,  two  membranes  are 
distinctly  discerned  in  the  evacuating  duct,  the  interior  of  which  is 
much  less  than  the  exterior ;  this  is  constricted  by  parallel  transverse 
rings.  The  glands  also  have  occasionally  (Chiasnius  velutinus)  similar 
transverse  rings,  particularly  when  they  are  somewhat  larger. 

§  114. 

CHANGES   IN   THE    INTESTINAL   CANAL  OCCASIONED  BY   THE 

METAMORPHOSES. 

In  the  preceding  description  of  the  nutrimental  canal  in  insects^ 
we  have  restricted  ourselves  chiefly  to  their  form  and  structure  in  the 
perfect  creature.  As,  nevertheless^  the  difiTerenoes  which  are  produced 
in  the  nutrimental  canal  by  their  metamorphoses  are  by  no  means  unim- 
portant, for  the  intestinal  canal  in  larve  assumes  very  generally  a  very 
dififerent  form,  and  its  changes  are  subject  to  peculiar  laws,  partially 
influenced  by  the  order  to  which  it  belongs,  we  must  not  omit  taking 
notice  of  them  as  fisur  as  is  possible  in  a  general  sketch,  and  must  there- 
fore make  room  here  for  a  description  of  these  transformations. 

Insects  with  an  imperfect  metamorphosis,  viz.  the  Hemiptera, 
Orthopiera,  and  IHciyatoptera,  have  in  all  their  stages  a  very  uniform 
nutrimental  canal.  We  find  in  them  the  same  divisions  in  the  same 
proportions,  and  even  the  appendages,  such  as  the  salivary  and  biliary 
vessels,  agree  with  those  of  the  perfect  insect.     The  whole  change. 


THJE   ORGANS   OF   DIOB8TI0N.  149 

dMrefore,  which  the  nutrimental  canal  undergoes  m  these  orders 
coBsists  in  its  lengthening  in  proportion  to  the  increasing  size  of  the 
insect,  and  at  the  time  of  moulting  it  covers  itself  internally  with  a 
WW  mnoons  memhrane,  the  old  one  being  rejected  by  the  anns^  or 
probably  absorbed.  This  changing  of  the  skin  in  the  intestine  is 
certainly  remarkable,  and  proves,  as  well  as  the  similar  phenomenon  in 
cntaneoos  affections  in  man,  in  which  the  epidermis  peels  off  (for  ex- 
mple,  after  scarlet  fever),  the  perfect  uniformity  of  the  intestinal  mucous 
nembnine  with  the  exterior  epidermis.  The  larvee  of  the  LiheUuUe 
alone  appear  to  make  ft  slight  exception  to  the  rule  of  the  intestinal 
cmal  remaining  the  same,  their's  being  somewhat  larger,  particularly 
broader,  than  in  the  perfect  insect,  and  in  the  latter  the  respiration  of 
the  oakm  disappearing,  which  was  peculiar  to  the  former. 

Insects  with  a  perfect  metamorphosis,  on  the  contrary,  undergo  in 
the  intestinal  canal,  as  well  as  exteriorly,  important  changes,  which, 
however,  refer  only  to  the  form,  the  structure  remaining  constantly  the 
same.  It  is  true  the  membranes  are  originally  much  more  delicate, 
looter,  and  admit  of  being  more  readily  separated,  particularly  in  the 
ttomacfa,  but  this  difference  gradually  vanishes.  During  their  larva 
state  the  intestine  assumes  a  new  skin  at  every  moulting  f  ;  towards 
the  end  of  this  period,  and  still  more  during  their  pupa  state,  the 
intestine  shrinks,  particularly  the  stomach,  and  acquires  thereby  a 
more  compact  appearance.  It  is  the^di visions  of  the  nutrimental  canal 
and  their  relative  lengths  which  chiefly  vary,  but  these  are  regulated  by 
▼ery  different  laws  in  the  several  orders,  and  consequently  demand  of 
OS  an  especial  notice. 

The  maggots  of  the  Dipiera  (PI.  XVIII.  f.  2.  maggot ;  f.  3.  fly)  have 
a  longer  intestine  than  the  flies,  but  it  is  the  stomach  chiefly  which 
occasions  tiiis  greater  length.  The  sucking  stomach  is  present,  but 
larger,  more  shortly  pediculated,'and,  besides,  there  are  large  cylindrical 
alivary  bags,  which  in  the  course  of  their  change  transform  themselves 
into  filiform  salivary  vessels.  The  biliary  vessels  remain  uniform  both 
in  nnmber  and  shape.  During  the  larva  state  the  intestinal  canal 
remains  nndianged,  but  it  alters  the  more  quickly  in  the  pupa  state ; 

*  Comptre  Snckow  in  Heating.  Zeitwhr.  f.  d.  Org.  Phy.  vol.  ii.  p.  24,  &c 

t  In  the  Ume  'without  an  anus  {MyrmecoUon^  Vespas,  Apis)  the  old  skin  renuuni 

io  the  bag  behind  the  stomach  (compare  §.  105.),  and  is  evacuated  only  after  the  pupa 

ttita  through  tbe  new-formed  anus. 
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but  it  is  fitill  the  stomach  only  which  shortens,  until  it  decreases  to 
scarcely  one  half  of  its  former  extent. 

In  the  Lepidoptera,  on  the  contrary  (PL  XVIII.  f.  4.  caterpillar; 
5.  imago),  the  intestinal  canal  lengthens,  but  so  that  here  also  the 
stomach  becomes  shorter  but  the  ilium  longer.  In  the  caterpillar  the 
broad,  cylindrical,  fblded,  and  transversely  ringed  stomadi  occupies 
more  than  two-thirds  of  the  entire  intestinal  canal,  and  this  is  succeeded 
by  a  shorter,  scarcely  narrower  ilium ;  the  preceding  pharynx  is  short, 
and  so  short  that  it  is  observed  only  in  the  head.  Contiguous  to  the 
stomach  lie  the  long  twisted  spinnerets,  and  attached  to  it  are  the  six 
united  biliary  vessels.  In  the  imago  the  pharynx  is  long,  and  beneadi 
it  lies  the  sucking  stomach,  of  which  we  observe  no  trace  in  ^e  cater- 
pillar ;  the  stomach,  on  the  contrary,  is  small,  short,  ovate,  folded,  and 
narrow ;  the  ilium,  again,  long,  filiform,  twisted ;  the  colon  broader, 
elongated  above  into  a  short  c»cum,  which  is  likewise  deficient  in  the 
caterpillar.  The  spinnerets  disappear,  but  the  salivary  vessels,  which 
are  very  small  in  the  caterpillar,  become  more  distinct,  larger,  and 
longer. 

We  have  already  noticed  the  very  interesting  metamorphosis  of  the 
intestinal  canal  in  the  wasp  and  the  bee.  In  the  order  of  the  Hymeno^ 
ptera  also  the  law  prevails  of  the  stomach  becoming  smaller  and  nar- 
rower whilst  the  pharynx  and  ilium  become  longer.  This  will  also 
apply  to  Myrmecoleon,  in  whose  larva  the  colon  becomes  the  spinneret. 

But  of  all  the  orders  the  Coleoptera  display  the  greatest  changes  of 
the  intestinal  canaL  The  larvae  of  the  camivora  wholly  want  the  folded 
homy  orifice  of  the  stomach  (PI.  XIX.  f.  1  and  3).  Their  stomach  is 
broad,  but  smooth,  and  not  beset  with  filamentary  processes;  the  ilium 
is  also  broad,  but  short,  and  much  shorter  than  after  the  metamorphosis. 
This  consists  in  the  crop  distending,  the  proventriculus  forming  itself, 
and  the  stomach  sending  forth  filamentary  processes.  In  the  Cara^ 
hodea  the  ilium  becomes  much  longer ;  but  in  the  water  beetles,  where 
it  is  already  very  long,  it  appears  to  become  somewhat  shorter,  at  least 
in  Dyticus  marginalis,  according  to  Dutrochet,  whose  investigations 
I  have  repeated,  and  can  now  confirm  (see  PI.  XIX.  f.  3.  the  larva ; 
f.  4.  the  beetle).  In  the  vegetable  feeders,  namely,  in  the  Lafneia- 
comia,  the  intestinal  canal  in  the  larvee  is  triflingly  longer  than  the 
body,  whereas  in  the  perfect  insect  it  is  three  or  four  times  as  long. 
The  krve  have  a  long,  broad,  cylindrical  stomach  beset  with  filaments 
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at  its  oommeiioeinent  and  end ;  a  ahort^  narrow  ilinm ;  a  broads  sack- 
shaped  thick-intestine ;  and  a  tolerably  long  bnt  not  broad  colon :  the 
beetks  hare  a  rery  long  bnt  narrower  cylindrical  stomachy  an  ilivm 
reiemhling  that  of  the  larvae,  a  much  narrower,  gradually  distending, 
tliick-iatestiae,  and  a  longer  cylindrical  colon,  which  distends  very 
widely  cloae  to  the  anus.  In  both  casea,  consequently,  the  intestinal 
canal  is  longer  in  the  perfect  state  than  in  the  larva,  but  in  the  vege* 
table  feeders  more  considerably  so  than  in  the  camivora,  in  which  it, 
namely  in  D^icut,  is  shorter.  Whereas  the  beetle  has  a  much  more 
eompleK  intestine,  and  more  organs  to  effect  the  change  and  trans- 
^Miaation  of  the  food  than  the  larva,  which  is  the  more  remarkable, 
ai  both,  at  least  generslly,  take  the  same  food,  which  is  not  always  the 
csK  in  the  other  orders,  for  example,  in  the  Lepidoptera  and  flies. 

§  115. 

II.    THB   FATTY   MASS,   OR   RBTB. 

The  fiitty  mass  of  insects  is  a  web  of  generally  white  or  yellow 
n^ed  or  stringy  substance  interwoven  in  every  possiUe  way,  enve- 
loping the  inteatinal  canal  and  the  inrgans  connected  with  it,  as  well  as 
aD  the  olJier  internal  parts,  but  it  is  never  in  direct  immediate  connec- 
tion with  any  organ.     It  receives  its  name  from  its  undeniable  resem- 
Uanoe  to  the  fat  of  the  higher  animals,  and  which  is  expressed  in  the 
above  peculiarity,  and  even  more  strongly  in  other  circumstances.    It 
thence  appears  that  it  forms  no  portion  of  the  intestinal  canal,  being  no- 
where in  connection  with  it,  but  as  it  is  the  produce  of  digestion  and 
ia  it  is  increased  or  decreased  by  the  perfection  or  imperfection  of  the 
fuiction  of  digtttion,  it  must  therefore,  as  standing  in  relation  to  the 
ogans  of  nutriment,  be  treated  of  and  described  when  treating  of  them. 
We  are  the  more  strongly  impelled  to  this  by  the  opinion  expressed  by 
Oken,  and  which  Trevirantls  has  recently  supported  by  analogies,  that 
the  fiitty  mass  of  insects  must  be  considered  as  their  liver.    Indeed  in 
the  aeorpien  a  substance  similar  to  the  fatty  mass  stands  in  connection 
with  the  natrimental  canal  by  means  of  vessels,  but  they  possess 
hwades  two  twisted  biliary  vessels,  which  likewise  here  and  there  quit 
that  snhstance.     In  all  true  insects,  however,  we  find  no  such  close 
^BQoection  of  both  organs,  and  if  it  cannot  be  denied  that  the  fatty 
Buaa  is  of  importance  to  digestion,  and  that  much  nutrimental  matter 
ia  derived  from  it,  yet  this  admission  proves  by  no  means  its  analogy 
to  the  liver.    In  fact,  it  is  neither  absolutely  liver  nor  gland,  but 


nu^mefttal  matter^  whiob^  during  the  metamarphona^  -  yartiettkrij 
dorinff  the  pmpa  sleeps  k  abewbed  like  the  fat  of  the  Icthaigic  mammalia 
diuriog  tbek  h^rbennation.  But  the  d^ree  of  veferenoe  the  functioD  of 
the  liver  haa  to  the  jweparaitiaa  of  the  fat.  is  aufidentlj  well  kaowa 
fron  the  ««aaa[de  «f  the  lethaigio  inaminalia>  thorefiMe  the  above  opi- 
BioBi  when  we  ecmsider  the  sioall  siae  of  the  biliary  veaaela  auppkntiiif 
the  liT(9>  or  the  tceatmeiit  of  these  vcBsela  aa  Iddaeju*  a  view  «h» 
reoenlly  promulgated^  may  possibly  have  many  aupporters. 

The  auitiue  of  this  fatty  body  ia  ia  so  £Mr  umfonn  that  it  onukts  of 
ahvedl,  whiofa  upon  niioroscq>io  investigatieo  are  £ott«d  to  beconatituted 
oi  smaU  globules  of  animal  aborigiAal  matter.  This  is  the  only  chfr- 
lacter  this  fatty  mass  presents  upon  the  closest  iavesUgation;  extmorly 
it  ia  ann-ouaded  by  delicate  membranes,  whieh  oooseqnently  may  be 
oompared  to  the  membranes  of  the  oellular  teztniCj  bat  the  leaa  does 
not  show  it  very  distinctly,  from  its  tran^arency,  deUcaoy,  and  tex- 
turekssness.  Ramdohr,  who  considered  the  €itty  maas  as  plastie  lymph, 
obtained  from  experiments  upon  that  of  the  GaaUapkaga  ^mercus 
the  following  result:— it  melted  in  bailing  water,  effervesced  with 
sulphuric  add,  at  the  same  time  smelling  like  burnt  horn,  and  in  cdd 
water  was  precipitated  in  white  flocks;  heated  over  a  lamp  it  hardened 
into  a  white  firm  mass,  swelled  up  upon  the  application  of  greater  heat, 
and  th«i  burnt  away,  dispersing  a  stinking  vapour^  According  to  my 
experiments,  made  with  the  large  flabby  fieitty  mass  of  Co9sus  Ugni^ 
perda,  it  melted  in  a  qpoon  over  a  lamp  into  a  perfectly  dear  trans- 
parent yellow  liquid,  which  paper  instantly  absorbed,  and  was  rendered 
transpamt  by  it  like  fat ;  it  had  a  peculiar  smell,  like  that  of  freshly 
opened  caterpillars ;  its  taste  was  fiitty  and  insipid.  Upon  increased 
heat  it  boiled  up  in  bladders  but  did  not  become  firm,  or  else  it  consumed 
to  ashes.  Laid  fresh  in  hot  water  it  became  softer,  more  transparent, 
and  paitidea  of  it  floated  on  the  top  like  oil. 

These  very  contradictory  results  tend  at  least  to  prove  that  the  fttty 
aabstanee  in  different  insects  consists  of  very  difFereat  constitoenta, 
which  is  the  more  striking  as  both  expenments  were  made  from  insects  of 
the  Bame  order,  in  which  they  even  appraach  very  near  each  other.  Pro^ 
bahly  Ramdohr*s  caterpillar  had  been  long  immersed  ia  apints  of  wane, 
thus  consequently,  and  by  the  additional  influence  of  kesit,  the  firt  pailB 
had  separated,  and  only  the  cellular  portion  of  the  enveloping  mem- 
"'braues  remained. 

The  entire  fatty  mass  forms  a  reticulated  meshy  web,  which  enve- 
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iopBtkB'ialeiisr  mjs$n»  aad  oompletely  fills  all  portScmii  of  tiie  eavitjf 
■ofcoeoipiedlq^tiitm*  In  larras  the  tbieads  md  laces  of  tlvifl  set  ave 
larger  and  io4ra  Tagged^  paytiOQlarly  in  ixhe  fbt  hmm  of  the  diepii^ 
caiar  ^mA  aiglit  motka;  TIm  nearer  it  approachea  the  pupa  State  th^ 
iaigor  an  the  pn^wrtiana  of  this  aubstaace ;  bat  as  soo»  as  tho  iflseet 
hi  imais  iiiUy  darelapad  this  irtateiial  loses  its  dao,  a»d  H  beottnM  a 
bnsd,  delicate^  laoad  web.  it  is  coasequentlf  daiing'  the  pi^  state 
tiut  the  greaitet  portion  of  this  aubstanoe  beeames*absoi^dj  wk^teltj 
the  siacda  ahriak  up,  the  delieate  mentbraae  becomes  namntrer,  and 
thnsthepnoediiigeoarsesliredsbeooiBie  delicate  iundfiwalaoas*  iiitiifis 
ibape  the  &tty  aoass  not  nierelj  represents  the  rete  of  the  Tertebrata, 
bat  aetsally  beeomea  it,  for  it  is  the  envelope  of  ^e  intestines,  and  in 
oBnjanctJanwith  tlie  sdr  vessels  it  supports  and  fixes  them.  Thenoe  ia 
it  that  earlier  (Malpighi)  and  more  modem  (CuTier)  anatomists  hare 
edled  it  the  net  of  insects.  It  is  sosrcely  necessary,  after  anch  facts, 
to  adduce  other  rcaaonsrin  opposition  to  tiie  above  disputed  opinion  that 
this  Dtt  ia  the  Hver  of  insects  ;  whoever  has  but  watdied  the  develop- 
ment of  a  single  butterfly,  indeed,  whoever  shall  but  have  compared 
SB  opened  caterpillar  with  an  opened  moth,  to  him  it  will  be  evident 
that  the  fatty  mass  cannot  be  the  liver. 

Chemioal  analysis  has  as  yet  contributed  nothing  towards  the 
removal  of  the  difficulties  which  still  involve  the  different  views  upon 
this  subject,  although  a  careful  investigation  would  most  certainly  aettle 
the  di^mte.  In  ants*  and  the  cochineal  insect  fat  has  actually  been 
feand,  and  thia  consecfuently  may  certainly  contribute  to  support  the 
sdoption  of  the  opinion  of  this  substance  being  found  in  all  otftcr  insects. 

§  116. 

III.    THB   BLOOD  VBSSBLS. 

We  shall  find  the  vascular  system  just  as  aimple  and  unifiurm  in 
iosccts  aa  we  have  found  their  digestive  apparatus  camplez.  A  vessel 
iHuch  passes  along  the  back  from  the  head  to  the  anus  constitutes  the 
only  bhnd  vessel  to  be  discovered  in  inaects.  That  this  canal  is  a  true 
blood  vessel)  and  indeed  an  artery,  is  proved  by  its  regular  contraction 
sad  expaaaiott,  which  ia  very  easily  pereeived  exteriorly  in  transparent 
tinn-akinned  larvaB.    Malpighi,  its  discoverer,  considered  it  aa  such, 

*  Compare  Gmelin,  Handb.  d.  Tbeor.  Chemie,  vol.  ii.  Div.  i.  p.  469,  No.  24,  and 
p.  508.  No.  1 ;  2od  Diy.  p.  1473,  &c. 


154  ANATOMY. 

and  has  described  it  as  a  great  pulsating  *  vein.  Subsequently  to  him, 
the  other  great  entomotomists,  Reaumur,  Swammerdam,  Bonnet,  De 
Qeer,  have  reoc^ised  the  same  organ,  and  concur  with  him  in  repre- 
senting it  as  a  simple  and  wholly  closed  vessel.  Even  the  very  cautious 
Lyonnet  can  consider  it  as  nothing  else ;  but  he  described  the  lobes  of 
the  dorsal  vessel  in  greater  detail,  and  has  figured  them  more  accurately 
than  any  of  his  predecessors.  In  recent  times  Cuvier,  in  his  "  Com- 
parative Anatomy,"  has  repeated  the  descriptions  of  earlier  anatomists, 
and  even  after  this  organ  had  been  subjected  to  the  most  painfully 
patient  investigations  by  Herold  and  Miiller,  its  true  structure  has  not 
yet  been  ascertained.  Cams  f  at  last  discovered  the  motion  of  a  fluid 
not  only  in  the  dorsal  vessel  but  also  in  other  parts  of  the  body^  and 
shortly  after  him  Straus — ^Durckheim  recognised  a  structure  of  the 
•dorsal  vessel,  which  had  been  previously  overlooked,  which  so  entirely 
agrees  with  the  insect  type  of  organisation,  that  no  doubt  can  be  enter- 
tained of  the  correctness  of  his  observation.  My  attention  being  drawn 
to  it  by  Straus'  communications,  I  made  investigations  upon  the 
structure  of  the  heart  in  several  insects  (for  example,  in  the  larva  of 
Calosama  sycophania.  Lamia  (BdiUs,  Termes  /atalis^  &c.),  and  I  have 
distinctly  seen  the  valves  and  apertures  mentioned  by  him. 

§  117. 
According,  therefore^  to  these  most  recent  observations,  the  dorsal 
vessel  (PI.  XXII.  f.  8  and  9.)  is  a  thin  canal  composed  of  a  delicate 
membrane,  it  is  largest  in  the  abdomen,  and  gradually  decreases  to- 
wards the  head.  In  the  abdomen  it  has  on  each  side  several  apertures, 
as  well  as  lateral  muscular  lobes,  whereby  it  is  attached  to  the  back; 
where  it  enters  the  thorax  it  bends  downwards  (the  same,  f.  8.  b.)  that 
it  may  pass  through  the  narrow,  more  deeply  situated  opening  into  its 
cavity,  and  then  pursues  its  course  above  the  oesophagus  to  the  head, 
where  it  terminates  with  a  small  orifice.  The  number  of  the  lateral 
apertures  appears  to  vary  (the  same,  a,  a,  a).  Straus  found  eight  in 
MehloiUha,  I  could  observe  but  four  on  each  side  in  the  larva  of  Caio^ 
soma*   According  to  Miiller's  description  of  the  heart  there  appears  to 

*  Compare  his  DisMrU  Bombyce.  Lond.  1669,  4to.  or  his  Collective  Workt,  Lngd. 
Bat.  1687,  4to.,  vol.  ii.  p.  20. 

t  Eotdcckung  ciscs  cinfachcD,  vom  Hcnen  auB  bleschlcanigten  Krdalaufet  in  don 
Larrcn  uctzflugliclicr  Inscktcn.    Leipz.  1827.  4to. 
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be  bat  one  apeitare  in  Pkasma,  which  also  has  but  one  pair  of  lateral 
mosdea.    By  means  of  these  apertures  the  heart  is  divided  into  so 
many  chambers^  for  behind  each  opening  there  are  valTes  which  separate 
the  preceding  space  from  that  behind  the  opening,  so  that  in  Melo* 
hniha  there  are  eight  (PI.  XXI.  f.  1-— 8.)  such  consecutive  chambers. 
The  first,  whidi  lies  dose  to  the  dorsal  sheath  of  the  last  abdominal 
segment,  is  the  smallest,  and  consists  of  one  heart-shaped  bag,  whidi 
in  front,  towards  the  head,  has  an  opening  like  a  slit.    The  lips  of  this 
aperture  consequently  form  the  anterior  side  of  the  bag  and  dose  it,  if 
blood,  pressing  forward  from  within,  does  not  part  them.    The  blood 
enters  it  through  two  small  apertures,  which  likewise  lie  in  front  upon 
each  side  of  the  bag,  but  it  cannot  flow  back  through  the  same  openings, 
for  a  half-moon-shaped  ralve  which  is  affixed  within  the  cavity  of  the 
beg  beneath  the  aperture  doses  upon  it,  and  thus,  when  the  heart  con- 
tracts, the  blood  must  necessarily  pass  through  the  anterior  opening. 
This  first  and  most  posterior  chamber  of  the  heart  is  succeeded  by 
another  in  front,  formed  very  similarly,  but  longer  and  more  cylindrical, 
and  which  has  also  an  aperture  behind,  viz.  the  anterior  one  of  the  first 
diamber.     It  is  through  this  that  the  blood  passes  from  the  first  cham- 
ber to  the  second  when  the  heart  contracts,  and  upon  its  dilatation 
blood  pours  into  the  chambers  through  the  two  lateral  anterior  open- 
ings.   Thus,  therefore,  each  chamber  is  always  provided  with  blood, 
for  the  blood  streams  froih  one  chamber  to  the  other,  beginning  at  the 
posterior,  when  that  which  has  been  received  through  the  lateral  open- 
ings fitun  the  cavity  of  the  abdomen  passes  on  by  thdr  successive  con- 
tractions.    We  will  explain  how  this  contraction  (systole)  and  dilata- 
tion (diastole)  of  the  heart  take  place  after  we  have  said  a  few  words 
upon  its  Btructure. 

§  118. 

According  to  Straus,  two  membranes  are  observed  in  the  heart,  the* 
exterior  of  which  is  smooth,  dense,  and  longitudinally  fibrous,  conse- 
quently muscular.  It  is  this  which  forms  the  above-described  valves, 
for  at  the  two  margins  of  each  lateral  aperture  it  bends  in^vard8.  The 
posterior  return  forms  the  inner  valve  of  that  opening,  and  the  anterior 
return  the  partition  of  the  chamber,  or  both  the  anterior  ones  form  the 
lips  of  the  anterior  opening.  Both  valves,  as  well  as  the  entire  internal 
lining  of  the  heart,  are  covered  with  a  transversely  folded  and  looser 
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layer  of.  muscle,  which  is  still  thicker  and  stronger  in  the  middle  of 
each  chamber.  Perhaps  both  membranes  are  but  the  different  layers 
of  one  muscular  membrane,  and  then  we  mighty  by  the  analogy  of  all 
blood-vessels,  entertain  the  idea  of  the  presence  of  an  innermost  struc- 
tureless mucous  membrane,  which  escapes  observation  by  its  delicacy. 
It  is  from  the  presence  of  these  muscular  layers  that  it  is  possible  for 
the  heart  to  contract  and  dilate.  By  both  membranes  simoltaneously 
contracting  the  heart  becomes  straitened,  and  this  distends  again  as 
soon  as  the  membranes  become  flaccid  after  the  contraction,  when  the 
muscles  of  the  lobes  contract  themselves. 

§  119. 

To  the  posterior  portion  of  the  dorsal  vessel  which  we  find  provided 
with  apertures  and  valves,  and  which  we  must  consider  as  the  true 
heart,  several  triangular,  flat,  membranous  muscles  are  affixed,  the 
points  of  which  pass  on  to  a  dorsal  plate  of  the  abdomen,  and  there 
attach  themselves  (PI.  XXII.  f.  9).  If  these  wings  (flijgel)  of  the 
heart,  as  they  are  called,  are  short,  or  consequently  of  the  shape  of  aa 
equilateral  triangle,  other  muscles  of  the  form  of  a  band  originate  at 
the  apex  of  this  triangle,  and  pass  in  a  diverging  direction  from  each 
other,  and  insert  themselves  upon  the  abdominal  plate,  where  this 
becomes  membranous  (Lamia  csdilU),  Grenerally,  however,  the  wings 
are  so  long  as  not  to  require  the  muscles  of  attachment  {Melolontha, 
&c.),  and  they  then  take  the  shape  of  a  very  acute  triangle.  The 
conjunction  of  these  muscular  wings  with  the  heart,  which  they  merely 
retain  in  its  place,  is  very  intimate,  without  its  being  possible  to  say 
where  ;  whether  it  be  by  fibres  passing  from  these  wings  into  those  of 
the  heart,  or  whether  the  membrane  of  the  heart  sends  forth  lateral 
folds  it  is  impossible  to  say.  They  He  in  a  row  upon  the  two  opposite 
sides  of  the  heart,  precisely  where  the  anterior  aperture  of  each  cham- 
ber is  found.  They  pass  over  these  apertures,  the  fibres  attaching 
themselves  to  a  small  membranous  arch  which  crosses  these  orifices 
transversely ;  consequently,  in  front  of  each  orifice,  there  is  a  small 
semicircular  hole  in  these  wings,  which  are  thus  prevented  from  inter- 
rupting the  flow  of  blood. 

These  wings  are  wanting  to  the  dorsal  vessel  of  the  Libellula,  and 
Phatma  has  but  one  pairin  the  sixth  abdominal  s^ment.  Besides 
this  we  find  a  pair  of  muscles  passing  from  the  posterior  margin  of  the 
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liesrt^  tlieir  apexlveing  attached  to  the  last  abdominal  segment  and  the 
ooloD^  which  hits  not  yet  been  observed  in  other  insects  *. 

4  120. 

The  anterior  portion  of  the  dorsal  vessel  which  passes  through  the 
thorax  to  the  head^  and  which  Ss  not  furnished  with  apertures  and 
moscles  (PI.  XXII.  f.  8.  c),  may  be  called  the  aorta  if  we  call  the  pos- 
terior portion  the  heart.  The  part  which  may  be  considered  as  such 
commences  where  the  dorsal  vessel  bends  near  the  thorax  to  pass  into 
its  cavity,  for  from  here  the  apertures  and  muscles  are  wanting.  This 
bend  is  greater  or  smaller,  accordii^  to  the  size  of  the  posterior  par- 
tition of  the  thorax,  largest  doubtlessly  in  the  petiolated  HymenopUra 
or  the  Dtpiera,  whose  thoracic  cavity  is  entirely  separated  from  the 
abdominal  cavity  by  the  metaphragma.  When  the  aorta  arrives  in  the 
cavity  of  the  thorax  its  course  becomes  then  direct  as  far  as  the  head, 
constantly  keeping  the  central  line,  and  accompanying  the  here  straight 
oesophagus  or  stomach,  and  frequently  united  to  it  by  a  cellular  mem« 
brane  or  the  fatty  substance.  When  there  is  a  free  and  moveable  pro- 
thorax  it  passes  likewise  into  this  through  the  common  opening,  or  more 
rarely  (as  in  Gryllotalpa  f)  through  a  small  aperture  in  the  meso- 
phragma  (PI.  XI.  No.  I.  f.  7*  a)>  and  here  stUl  accompanies  the  ceso- 
phagus  as  far  as  the  head.  Here,  close  to  where  the  oesophagus  bends 
down  to  the  mouth,  consequently  behind  the  cerebrum,  the  aorta  sud- 
denly ceases  with  a  somewhat  distended  orifice,  without  previously 
sending  forth  any  smaller  vessel ;  in  other  instances  it  divides  in  a  fork, 
each  branch  of  which  bends  laterally,  and  terminates  after  a  very  short 
course  likewise  with  a  free  orifice;  or,  lastly,  we  find  three  short,  equal, 
radiating  branches,  each  open  at  the  extremity  (for  example,  in  GryU 
lus  hkroglyphicus.  King.  |). 

« 

§  121. 

We  thus  conclude  the  description  of  the  blood-vessels  of  insects. 
The  inoBt  laborious  and  patient  endeavours  of  Entomotomists  to  discover 
other  vessels  remained  unrewarded,  until  Job.  Miiller  discovered  a  union 
of  the  ovaries  with  the  aorta  §•   We  shall  treat  in  greater  detail  of  this 

*  tTotfkjk.  J.  AuHer,  uber  das  RUckeogefau,  in  Nova  Acta.  Med.  Nat.  Car.  vol.  xii.  pan 
t  TUd.  p.  59€.  :  Joh.  MUlIer,  ib.  p.  613.  $  lb.  p.  613. 
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coanection  lower  down,  in  the  Chapter  where  we  speak  of  the  sexual 
organs ;  but  we  must  defer  hinting  at  their  hypothetical  use,  as  well  as 
of  the  doctrine  of  a  circulating  system  in  insects,  until  the  following 
division,  to  which  we  consequently  refer. 

§  122. 

lY.   OF  THB  0B6ANS  OF  BBSPIBATION. 

We  shall  find  the  respiratory  organs  of  insects  as  complex  and  per- 
fectly developed,  as  we  have  fbund  their  blood-vessels  simple  and 
imperfect.  The  relations  between  these  systems  appear  to  be  in  them 
completely  reversed,  for  the  air-vessels  intersect  the  insect  body  as 
moltitudiuously  as  we  find  the  blood-vessels  do  in  the  superior  animals. 
We  cannot  here  show  whence  this  transposition  of  the  usual  relations 
proceeds,  nor  how  an  entirely  different  structure  can  prodace  a  similar 
result,  this  belongs  to  Physiology;  we  are  here  required  merely  to 
explain  the  structure  and  distribution  of  the  air-vessels,  and  their 
external  orifices.  Our  subject  thence  divides  itself  into  two  portions  ; 
the  first  of  which  treats  of  the  exterior  organs  attached  to  the  respira- 
tory organs ;  and  in  the  second,  we  shall  describe  the  internal  air- 
vessels  themselves. 

k  123. 

A.  Exterior  Organs  of  Respiration, 

The  exterior  organs  of  respiration  which  are  found  apon  the  surface 
of  the  body,  are  of  a  triple  character,  namely,  spiracles,  air  tubbs, 
and  BRANCHiA.  The  first  are  easily  distinguished  from  the  last,  by 
the  presence  of  an  orifice  that  opens  directly  into  the  tracheas,  whereas 
the  branchiae  are  membranous  leaves,  throughout  which  trachese  are 
dispersed,  without  opening  anywhere. 

I.  The  SPIRACLES  (spir acuta,  stigmata),  which  are  the  most  fre- 
quently found  of  all  the  exterior  organs  of  respiration,  appear  as 
incisions  or  small  round  openings  at  the  sides  of  the  segments  of  the 
body,  which  are  sometimes  surrounded  by  a  peculiar  oval  homy  ring  ; 
or  are  encircled  by  merely  the  usual  integument  of  the  body,  without 
any  apparent  distinction.  Both  kinds  of  structure  are  supplied  with  a 
muscular  apparatus  which  opens  and  closes  the  aperture,  so  that  the 
insect  can  either  open  it  to  receive  air,  or  close  it  against  it.  We  shall 
proceed  with  a  description  of  their  various  forms^  after  thii  short  indi- 
cation of  their  differences. 
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Sosie  which  are  never  free,  but  lie  ooncealed  beneath  portions  of  the 
hanj  intcgiunenty  have  no  exterior  homy  ring,  but  a  double-lipped 
iBcidoa^  the  lips  of  which  are  formed  by  a  thickened  margin  fringed  with 
short  hsir.  This  structure  is  very  apparent  in  the  large  spiradc  which 
lies  in  the  uniting  membrane  of  the  pro-  and  mesothorax,  and  parti- 
cokrly  in  Gryllotalpa  (PL  XL,  No.  1^  f.  2,  a.  a.)*  where,  by  reason  of  its 
length,  it  is  very  distinct.  The  horny  lips  are  connected  at  their  comers 
by  a  kind  of  joint,  but  in  Grj^lioialpa  the  lower  comer  of  this  incision, 
which  lies  near  the  anterior  emue,  is  broader  and  more  prominent ;  and  the 
oorner  of  the  exterior  lip  projects  beyond  the  opposite  interior  one,  form- 
u^  a  kind  of  o^vering,  thus  preventing  the  influx  of  imprqier  substances. 
The  entile  spiracle  is  closed  by  means  of  a  small  muscle,  which,  origin- 
atii^  from  an  inner  homy  projection  of  the  lower  corner  of  the  lip, 
iaserts  itself  in  two  homy  half-rings,  which  surround  the  commence- 
ment of  the  tracheae.  The  orifice  is  opened  or  shut  by  the  contraction 
or  dilatation  of  this  muscle. 

Other  spiracles,  which  besides  the  lips  possess  an  oval  homy  margin, 
present  a  somewhat  more  complicated  structure.  The  horny  ridge 
(PI.  XXIII,  f.  1 — 3»a,)  is  no  distinct  part,  but  merely  the  raised  edge  of 
the  integument  surrounding  the  spiracle ;  it  thus  forms  an  exterior 
ring,  to  whidi  the  lips  of  the  incision  are  attached.  These  lips  (the 
same  b.  ft.)  stand  at  the  base  of  the  ring,  and  are  frequently  covered 
upon  theb  external  surface  like  it  upon  its  internal  circumference, 
with  sculptured  homy  scales  (Oryctes  nasicornis).  Where  they  meet 
they  again  form  a  small  projecting  margin  which,  as  in  the  former  kind 
of  stractnre,  is  surrounded  by  a  fringe  of  fine  hair.  The  corners  of 
the  lips  lie  close  to  the  inner  margin  of  the  exterior  ring,  so  that  the 
trae  opening,  upon  the  lips  being  closed,  appears  as  the  diameter  of  the 
oral  ring.  The  closing  apparatus  of  these  spiracles  is  very  complicated. 
The  ends  of  the  inciaionsy  namely,  or  the  comers  of  both  lips,  are  pro* 
longed  inwardly  into  a  point  (the  same,  c.  c),  to  which  two  triangular 
homy  plates  are  so  attached,  that  one  angle  of  the  triangle  with  the 
projecting  point,  and  the' second  with  the  opposite  one  of  the  other  horny 
plate,  fbnn  a  joint,  but  the  third  remains  free.  From  the  last,  as  well 
from  the  sides  of  the  triangle  which  are  applied  to  each  other,  a  flat 
mtude  originates  (the  same,  e.)  which,  when  it  contracts,  brings  the 
&ee  points  of  both  triangles  together^  but  those  which  stand  in  connec- 
tion with  the  inner  points  of  the  comers  of  the  lips,  it  separates  from 
each  other ;  thus  is  the  incision  closed :  but  when  the  muscle  again 
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relaxes,  it  re«opens.  We  must  observe^  at  the  same  time,  that  a  bag- 
shaped  expansion  of  the  tracheae  originates  from  the  circumference  of  the 
spiracle,  and  narrows  towards  the  latter,  in  a  funnel  shape.  By  means 
of  the  tracheae  arising  from  the  point  of  the  funnel,  the  whole  expansion 
is  drawn  backwards,  so  that  the  axis  of  the  funnel  stands  obliquely  to 
the  axis  of  the  tracheae ;  upon  the  inner  side  of  this  funnel,  or  that 
part  next  to  the  ventral  cavity,  the  just  described  apparatus  for  the 
closing  of  the  spiracle  lies  (see  PI.  XXIII,  f.  1—3).  Such  spiracles  are 
found  only  upon  free  or  slightly  covered  parts  of  the  body,  for  example, 
under  the  elytra  of  many  beetles. 

A  third  form  of  the  spiracles  is  distinguished  from  the  preceding  by 
the  want  of  lips.  In  very  small  and  round  spiracles,  the  opening  is  free 
(for  example,  in  the  Lamellicornia),  or  at  most  covered  with  short  hair 
upon  their  inner  margin,  and  the  entrance  into  the  trachec  is  only 
rendered  difficult  by  the  obliquity  of  its  axis  to  that  of  the  spiracle. 
In  larger  oval  spiracles,  the  margins  are  occupied  with  stronger  plumose 
spines,  or  hairy  tufts  (PL  XXII.  f.  10),  and  these  resist  extraneous 
substances  still  more  forcibly.  The  air  is  purified  through  these  as 
through  a  sieve,  and  all  prejudicial  substances  are  caught  there.  This 
structure  is  very  distinct  in  the  large  spiracle  of  the  first  abdominal 
segment  of  the  male  Cicada,  as  well  as  in  the  dorsal  spiracles  of  the 
water  beetles  *. 

The  fourth  and  last  form  of  the  spiracles  is  that  observed  in  the 
larvae  of  the  Lamellicornia.  In  these  the  very  minute  spiracle  appears 
at  first  view  to  take  a  circular  shape,  and  upon  closer  inspection  it  is 
found  to  consist  of  a  broad  margin  and  a  concentric  middle  space, 
which  beneath  breaks  through  the  margin  and  connects  itself  with  the 
surrounding  integument.  This  margin,  which  is  often  ornamented 
with  distinct  sculpture  (PI.  XXIII.  f.  4  a,  a,)  Sprengel  considered  as 
a  half  moon-shaped  opening,  occasionally  closed  by  a  sieve,  when  the 
sculpture  of  the  margin  was  cribriform,  or  by  toothed  processes,  when 
the  sculpture  took  that  figure,  opposite  which  the  inner  round  plate  lay 
and  assisted  to  close  it.  Treviranus  t  opposes  this  view  of  it,  and  asserts 
that  the  spiracle  is  entirely  closed,  but  that  minute  ramifications  of 
tracheae  are  spread  upon  its  internal  superficies,  and  imbibe  the  air, 

*  See  CaruB,  Analekten  zur  Naturwiisensch.     DrcMten,  1829.  8yo.    P.  187.  PI.  I, 
f.  18.    And  Sprengel,  Comtnentar.  ftc  Plate  II,  fig.  28 ;  and  Plate  III,  fig.  29. 
f  Das  Organieehe  Lebeo,  nen  daigeatellt     Bremen,  radl.    8to.    Ttkl.  I.  p.  258. 
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as  is  tk  bnncluie,  through  the  plate  of  the  spir^de.  Both  were  mi9- 
Uken^  ftr  these  tpiracks  have  iikc^wiBe  a  central  aperture,  which  leads 
directlj  into  the  stem  of  the  tracheae.  This  oiifice>  which  is  a  small 
tianarene  incision,  lies  in  the  oentxal  round  plate  (PL  XXIII.  f.  4.  c), 
sod  is  Teiy  small  in  preportioa  to  the  entire  spiracle^  and  nay  there- 
fixe  be  easily  orerloeked;  but  Kaulfoss,  in  his  drawings  to  Sgrengel's 
Tnstise,  has  everywhere  indicated  them.  The  exterior  ma^a  is, 
bowefer,  by  no  means  perforated,  but  merely  covered  with  sculpture, 
jiKt  like  the  exterior  oval  homy  ring*  I  consider  this  margin  therefbire 
as  the  pre-formation  of  the  subsequent  oval  horn  j  ring,  the  central 
piste,  however,  as  the  two  lips  of  the  here  still  smaller  incision.  loter- 
oallj  the  main  stem  of  the  trachea  is  observed  to  originate  from  the 
dreomferenoe  of  the  aperture,  a  distinct  proof  that  the  incision  is  its 
arifice  (PL  XXIU.  £  4.,  d.  d.). 

§  124. 

After  noticing  the  form  of  the  spiracles,  the  next  most  important 
subject  is  their  situation  in  the  body,  which  is  tolerably  uniform  in  the 
aef«ral  orders,  but  there  are  a  few  divarications  from  it,  which  we  may 
bere  briefly  indicate. 

la  the  CoUoptera  each  segment  of  the  body  has  a  spiracle,  or,  to 
speak  more  oorrectly,  upon  the  boundaries  of  every   two  segments 
we  find  one.     The  first,  and  generally  the  largest  spiracle,  is  seated 
in  the  uniting  membrane  of  the  pro-  and  meso-thorax,  more  closely 
approaching  the  exterior  and  lower  margin  of  the  former,  where  it  gene- 
rally remains  when  those  two  portions  of  the  body  are  separated.    The 
second  spiracle  lies  in  a  very  similar  situation,  namely,  between  the 
meso-  and  meta-thorax,  but  it  is  so  concealed  by  the  elytra  that  it  can 
be  discerned  only  upon  very  close  investigation.     It  is  then  observed 
between  the  two  horny  plates  which  we  called  above  (page  81)  the 
anterior  and  posterior  wings  of  the  scapulae.     In  a  state  of  repose  the 
two  pistes  lie  closely  together,  and  thereby  completely  cover  this  spi- 
rade ;  but  npon  the  expansiim  of  the  wings  during  flight,  when  the 
body  filled  with  air  distends,  this  spiracle  also  quits  its  concealment, 
tbst  it  may,  like  the  rest,  allow  air  to  flow  in  and  out.     The  concealed 
ntoation  of  this  spiracle  explains  how  it  has  been  overlooked,  particu- 
larly as  we  observe  none  in  the  similarly  named  segment  of  the  lacvae. 
Stisus  first  observed  it,  and  has  exhibited  it  in  the  cockchafer  and  m 
othos.    The  third  spixade  lies  between  the  meta»thorax  and  tbe  first 
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abdominal  segment ;  it  is  frequently  minute  and  indistinct^  but  occa* 
'sionally,  as,  for  example,  in  the  Capricorn  beetles,  it  is  very  large^  indeed 
larger  than  the  first.  The  following  spiracles,  six  or  seven  in  number, 
lie  always  between  every  two  of  the  successive  abdominal  segments,  so 
that  the  two  last  segments  alone  have  no  spiracles;  we  thus  obtain  ten 
spiracles  upon  each  side,  twenty  together,  a  typical  number  which  is 
never  exceeded,  but  often  also  not  attained. 

In  the  Orthopiera  the  spiracles  are  not  differently  situated.  The  first 
which  is  in  the  connecting  membrane  between  the  pro  and  meso-thorax  is 
very  lai^e,  particularly  so  in  Grylloialpa  (PI.  XL  No.  I.  £  2.  a,  ii); 
the  second,  between  the  lower  wing  of  the  scapula  and  the  dorsal  piece 
is  here  quite  free  and  uncovered  (the  same,  fig.  8.  /3).  The  third 
spiracle,  which  properly  should  lie  between  the  meta-thorax  and  the 
first  segment  of  the  abdomen,  approaches  more  closely  to  the  latter^ 
and  lies  in  Gryllus,  F.  (Acrtfdium,  Lat.)  in  a  half  moon-shaped  hollow, 
which  upon  one  side  is  partly  closed  by  the  projecting  cover-shaped 
margin.  All  the  succeeding  ones  are  placed  in  a  similar  situation, 
namely,  at  the  lower  margin  of  each  dorsal  plate  of  the  abdomen.  In 
the  Blattaria,  on  the  contrary,  the  spiracles  are  always  placed  in  the 
connecting  membrane  between  two  segments,  and  precisely  where  the 
dorsal  and  ventral  plates  meet ;  the  same  is  the  case  in  Forficula  ;  in 
these  also  the  third  spiracle  lies  at  the  anterior  edge  of  the  dorsal  plate 
of  the  first  segment  of  the  abdomen,  where  it  is  very  distinct  although 
but  small. 

In  the  Hemiptera,  which,  by  the  structure  of  their  thorax,  approach 
-  closely  to  the  Orthopiera,  the  first  spiracle  likewise  lies  in  the  connect- 
ing membrane  between  the  pro-  and  meso-thorax ;  it  is  tolerably  large, 
and  narrow,  and  is  only  apparent  upon  the  removal  of  the  pro-thorax. 
A  second  spiracle  is  found  between  the  meso-  and  meta-thorax,  and 
resembles  the  former 'in  being  a  rather  long,  half  moon-shaped,  or 
straight  incision,  and  is  covered  by  a  posterior  projection  of  the  margin 
of  the  meso-stemum.  This  spiracle  consequently  cannot  be  seen  firom 
the  exterior  from  the  preceding  projection  (PI.  XIII.  No.  5.  fig.  2.  fi) 
lying  over  it,  and  above  it  is  concealed  by  the  elytra.  The  succeeding 
spiracles  are  .in  these  insects,  as  in  the  Orthopiera,  more  approximate 
to  the  ventral  segments,  a  spiracle  being  placed  in  each  abdominal  a^- 
ment,  whereas  by  analogy  it  should  lie  between  every  two  segments. 
In  the  male  Cicada  the  first  is  very  large,  free,  and  always  beset  with 
strong  setae  at  the  margin,  the  following  are  smaller  and  indistinct. 
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KirbjT  and  Spence  describe  large  lateral  spiracles  in  the  bugs,  lying 
between  the  meso-  and  meta-thorax,  but  I  could  perceive  in  our  bugs 
(Pentatoma  rufipes  and  P.  hmmorrhoidalis)  depressions  only  at  these 
parts ;  but  if  the  acute  posterior  margin  of  the  prostemum,  which  lies 
precisely  in  this  cayity,  be  removed,  the  spiracle  is  observed  very  dis- 
tmctly  beneath  it.  In  Belostoma  a  very  distinct  spiracle  is  found  at 
the  posterior  margin  of  the  pleura,  consequently  between  the  meta- 
thorax  and  the  abdomen,  which,  however,  appears  to  belong  to  the 
first  abdominal  segment,  because  in  the  bugs  the  spiracles  lie  always  in 
the  ventral  segments  themselves,  and,  indeed,  at  the  exterior  margin 
of  the  ventral  plates,  and  not,  as  in  the  beetles,  beneath  the  wings  and 
the  elytra. 

The  Neuroptera  alone,  of  the  remaining  orders,  have  a  distinctly 
separated  pro-thorax ;  it  is  here  therefore  that  we  must  notice  them. 
SemblU  displays  two  distinct  pairs  (PI.  XIV.  No.  3.  f.  2. 4.  a  and  j3,) 
of  spiracles  in  the  thorax,  the  first  between  the  pro-  and  meso-thorax, 
and  the  second  between  the  meso-  and  meta-thnmx.  Whether  there 
be  a  third  pair  between  the  meta-thorax  and  the  abdomen  I  could  not 
clearly  perceive  either  here  or  in  Myrmecoleon,  but  in  the  dry  speci- 
mens examined  by  me  there  appeared  to  be  incisions.  The  two  first 
pairs  lie,  also  in  the  ant-lion,  exactly  in  the  same  place.  Panorpa  dis- 
plays two  pairs  of  spiracles  in  the  thorax  and  five  pairs  in  the  abdo- 
men ;  the  two  first  lie  between  the  pro-  and  meso-thorax,  and  between 
the  latter  and  the  meta-thorax,  and  display  themselves  as  small  brown 
points.  In  the  abdomen  they  are  placed,  as  in  all  Neuroptera,  in  the 
connecting  membrane  of  each  pair  of  segments,  closely  in  front  of  that 
to  which  they  belong. 

In  the  Dictyoioptera,  as  those  most  closely  allied  to  the  preceding 
order,  with  the  exception  of  the  Libellula  and  Termites^  they  are,  from 
their  minuteness,  difficult  to  investigate.  The  Libellulas  have  two  pairs 
of  spiracles  in  the  thorax,  one  pair  being  between  the  pro-  and  meso- 
thorax,  each  of  which,  however,  is  covered  by  a  small  scale  originating  at 
the  posterior  margin  of  the  pronotum ;  the  second  pair  is  seated  between 
the  meso-  and  meta-thorax,  at  the  sides  of  the  thorax.  The  former  are 
long,  somewhat  bent  incisions ;  the  latter  very  small,  ovate,  two-lipped 
spiracles.  I  have  observed  none  between  the  meta-thorax  and  the 
abdomen.  It  has  also  been  said  that  they  have  no  abdominal  spi- 
racles.    But  Reaumur  and  Sprengel  admitted  their  existence  in  those 

M  2 
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lorvs  which  live  comtautly  in  water,  but  Kirby  atid  SpeiiM  * 
denied  it,  their  attention  being  probably  drawn  to  it  by  Roesd -a  t 
observation  of  their  respiration  through  the  anus.  This  intcatiMd 
respiration  Suckow  %  has  confirmed  by  showing  branchice  in  tfa^  eelon, 
and  thus  proved  the  entire  inutility  of  spiracles.  But  m  the  perfed 
insect  there  are  seven  pairs  of  spiracles  upon  the  central  abdominal 
s^ments,  which  are  covered  however  by  the  margins  of  tiie  donal 
plates  lapping  over  them  as  they  lie  in  the  soft  connecting  membrane. 

In  the  Termites  the  spiracles  are  {buHd  in  analogous  situationB,  but 
those  of  the  abdomen  are  so  small  that  they  are  «een  with  diiBculty. 

The  remaining  three  orders  very  closely  agree  both  in  the  struetui^ 
of  the  thorax  as  well  as  in  the  situation  of  the  spiracles.  All  pMsesa 
our  in  the  thorax,  two  of  which  are  upon  the  limita  of  the  proa 
thorax,  between  it  and  the  meso-thorax,  and  the  other  two  lie  between 
the  meso-  and  meta-thorax.  In  the  Hymenoptera,  in  which  the  thorax 
consists  of  a  hard  homy  case,  and  the  segments  are  closdy  uoited 
together,  the  posterior  pair  of  spiracles  lie  upon  the  me.ta-thorax  ittdf^ 
whereby  they  distinguish  themselves  from  all  the  other  orders ;  besides 
which  the  anterior  pair  of  spiracles  are  covered  by  a  small  scale-shaped 
projection  of  the  posterior  margin  of  the  pronotum,  which  scale  {iegula, 
comp.  §  77-)  lies  precisely  beneath  the  anterior  wing,  and  is  v^y 
readily  recognisable  in  the  wasps.  In  PL  XII.  No.  I.  f.  h,  wherein  the 
thorax  of  Cimbex  is  represented,  the  letters  a  and  /3  point  out  the  aitu^ 
tion  of  the  spiracles,  as  ahw  in  the  same  {date.  No.  II.  f.  2.  in  the  thorax 
of  a  Scolia,  The  spiracles  of  the  Lepidoplera  are  distinguished  only  by 
possessing  a  narrow,  scarcely  paroeptiUe,  homy  ring,  which  lies  isoQ- 
cealed  beneath  the  hair  (PL  XIII.  No.  IV.  f.  2.  shows  at  a  and  0, 
where  they  are  placed.)  In  the  Dipiera  they  appear  as  short,  some- 
what compressed  tubes,  particularly  the  first,  between  the  pro-  and 
meso-thorax,  as  is  shown  in  PL  XIV.  No.  I.  f.  2.  in  Takatms,  and 
No.  IL  f.  2.  in  Myopa.  A  similar  uniformity  exists  in  the  situation 
of  the  spiracles  of  the /abdomen,  for  they  always  lie  in  the  connecting 
membrane  of  the  segments,  and  are  covered  by  the  |Hrojecting  margins 
of  the  dorsal  plates. 

The  numbers  of  the  spiiades  are  thus  shown  in  their  situation.    If 

*  Introduction  to  Entomol.,  vol.  iv.  letter  xxxviii. 

t  Iniectenbelufitigungen,  2  band.     Waaterintecten  der  2  classe^  Taf.  II.  and  III. 

X  Heuslng.  ZeitMhr.  fUr  die  Org.  Pbyiick.  2  band.  2  hft.  S.  36,  &c    PK  I.  And  II. 
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ive  call  to  inittd  -alio  the  general  law  which  makes  the  insect  body  to 
consist  ot  thirteen  segments,  whereof  one  forms  the  head,  three  the 
tkerax,  and  nine  bdong  €0  the  abdomen,  the  number  of.  the  spiracles 
is  readily  asoerteined*  The  thirteen  ssgments  have  namely  twelve 
csoneoting  membfanes^  of  whioh  the  first  only  (between  the  head  and 
IHKK-thoaix)  and  the  last  are  never  supplied  with  splracle89  consequently 
there  cannot  be  more  than  ten  on  each  side  at  most.  But  as  the 
aamber  of  the  abdominal  segments  considerably  varies,  it  consequently 
fbequentfy  hi^pens  that  there  are  fewer  spiracles.  I  have  observed 
twenty  in  the  water-tbeetles  {Dylicus)^  According  to  D^eer  and  Ls- 
treille*,  the  locusts  and  Lepidoptera  display  as  many:  the, LavMlli" 
cormia  and  Ceramb^cina  possess  eighteen.  Many  Orthoptera^  the  ZVr- 
mHft  and  Libilkda  possess  the  same  number.  The  Hymenoplera  have 
bat  seven  distinct  abdominal  segments,  the  last  of  which,  according  to 
the  general  rule,  bears  no  spiracle ;  in  general  they  possess  sixteen : 
PoMorpa  has  fourteen ;  many  DipUra  still  fewer,  as  but  five  or  six 
distinct  abdominal  segments  are  perceived  in  them. 

§  125. 

IL  The  AiWL  TUBB8  are  absolutely  nothing  but  elongated  spirades, 
althoogh  they  are  not  always  found,  where  the  spiracles  are  placed. 
They  ai«  only  observed  in  insects  which  live  in  the  water,  namely,  in 
the  kwse  of  many  Diptera  and  some  water-bugs  (^Nepa,  Ranalra), 
end  are  placed  either  at  the  &rst  or  the  last  abdominal  s^ment.  They 
here  appear  as  either  long  or  short  homy  tubes,  which  pass  directly 
Attn  the  general  int^ument  of  the  body,  being  c^n  at  the  end,  and 
within  the  orifice  they  are  surrounded  by  simple  or  plumose  setae,  or 
else  entirely  unprovided  with  them. 

The  larva  of  the  common  gnat  (Culex^  PI.  III.  f.  3)  is  very  gene- 
rslly  known  as  possessing  this  organ,  which  is  placed  obliquely  at  the 
last  abdominal  segment.  Simple  branches  of  the  tracheoe  pass  into 
this  tube,  opening  where  it  terminates.  The  end  of  the  ,  tube  is 
soifoonded  by  setse,  and  these  support  the  animal  upon  the  sur- 
hot  of  the  water  when  it  places  itself  there  to  breathe.  In  the  pupa 
state'die  tabe  at  the  end  of  the  abdomen  disappears,  and  instead  of  it 
two  bent  tubes  project  from  the  thorax  between  the  pro-  and  meso- 

*  P.  A.  Lstnille  tur  qudques  Appundicet  du  Thoiuz  Ucs  Uivei->i  Insectet.     In  M^m.  du 
Uva^mn  d*HUt.  Naturelle,  torn.  vii. 
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thorax  (PI.  III.  f.  4).  The  majority  of  the  lanrfls  of  the  genera  most 
closely  allied  to  this  gnat  possess  no  such  air  tube,  hut  true  branchise 
or  gills^  yet  the  lary»  of  Chironomus  *  have  likewise  two  conical  air 
tubes  upon  the  anal  segment  (Pi.  III.  f.  5) ;  besides  which  they  are 
easily  distinguished  by  a  more  elongate  vermiform  shape  t>  as  well  as 
by  their  blood  red  colour^  from  the  true  larva?  of  the  Culteida.  A 
similar  structure  is  found  in  the  larvie  of  Slratiomys ;  in  them  the 
entire  last  segment  of  the  abdomen  is  elongated  into  a  tube,  and  at  the 
aperture  of  the  tube  it  is  provided  with  a  wreath  of  plumose  hairs 
placed  in  the  form  of  a  star.  This  coronet,  which  is  much  larger  than 
that  of  the  larva  of  Culex^  likewise  supports  the  much  larger  creature 
upon  the  surface  of  the  water  when  it  goes  thither  for  fresh  air ;  and  it 
likewise  takes  air  bubbles,  which  are  inclosed  by  the  setss,  down  with  it 
to  the  bottom  of  the  stagnant  pools  which  it  inhabits,  as  a  provision 
for  its  next  inspiration  %.  The  larve  of  the  genus  Erulalis  display 
a  considerably  longer  anal  air  tube ;  in  these  also  the  last  joint  is 
extended  into  a  membranous  tube,  in  which  a  second  narrower  and 
corneous  one  is  contained,  which  at  its  open  end  is  provided  with  a 
similar  crown  of  hair.  It  is  into  this  tube  that  the  two  branches  of  the 
tracheae  pass  after  having  united  into  one.  The  thick,  white,  cylin- 
drical larva  which  lives  in  the  mud  of  pools,  in  sewers,  aud^  in  excre* 
ment,  directs  this  tube  to  the  surface  of  the  water,  which  hangs  there 
by  means  of  the  above-mentioned  setse,  while  it  itself  lies  tranquilly  at 
the  bottom,  or  else  continues  feeding.  If  the  water  should  rise,  for 
example,  after  rain,  it  lengthens  this  tail  by  pushing  the  inner  tube  as 
far  out  as  is  requisite.  This  elongation  can  be  extended  to  several 
inches,  whereby  the  length  of  the  tail  exceeds  several  times  that  of  the 
body.  For  the  expiration  of  the  air  thus  received  two  other  very  short 
air  tubes  are  placed  upon  the  first  segment  of  the  body,  directly  behind 
the  bend ;  the  anterior  ends  of  the  above  described  main  stem  of  the 
tracheee  pass  into  these  after  having  previously,  as  well  as  the  posterior 
ends,  become  united  by  means  of  a  transverse  branch. 

We  also  observe  anal  air  tubes  in  the  genera  Nepa  and  Ranairas  but 
which  are  distinguished  from  those  above  described  in  the  first  place  by 

*  The  Ulttb  have  gills  (branchin),  as  I  have  recently  obeerved  (Author,  MS.  Note). 

t  These  larwm  were  formerly  considered  as  a  genus  of  annelides,  and  were  ealled 
Branchiurut.  See  Oken*s  Zoologie,  1  band.  s.  383.  Taf.  9.,  and  Vivian!  Phosphor.  Maris, 
3.  13,  14. 

*  See  S^minerdamm,  Biblia  Natum,  PI.  XXXIX.  f.  1—3. 
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thor  number,  two  always  being  present,  and  secondly  by  their  forni, 
they  being  simple  horny  tubes  unproyided  with  sete  at  their  end* 
In  Ranaira  they  are  as  long  as  the  body,  and  in  Nepa  half  its  length. 
It  seems  to  be  a  very  general  law,  that  the  situation  of  the  spiracles 
should  be  at  the  posterior  end  of  the  body,  not  only  in  the  Diptera,  but 
tlso  in  all  hum  which  live  in  water  and  are  unprovided  with  branchise. 
With  respect  to  the  larve  of  the  Diplera,  those  yet  investigated  have 
their  spiracles  in  that  situation:  for  example*  the  flies  and  (Estrida* 
The  larvse  of  the  water-beetles  likewise  (for  example*  Dyticu*  and 
HydrophUus)  have  their  spiracles  at  the  anal  end,  contiguous  to  the 
anus,  and  have  none  at  their  sides,  although  Sprengel  describes  and 
eren  figures  them  there  *.  ^ 

5  126. 

III.  oiLLrS,  or  BBANCHiiE* — This  third  description  of  the  organs 
of  respiration  is  particularly  distinguished  from  both  the  others  by  its 
want  of  apertures  to  admit  the  air  into  the  tracheae.  The  gills  are 
processes  of  the  epidermis  in  the  form  of  hair  or  leaves,  in  which 
delicate  trachese  ramify  in  every  direction.  These  vessels  imbibe  the 
air  mixed  up  mechanically  with  the  water,  and  conduct  it  to  the  main 
stems  concealed  in  the  body,  by  means  of  the  branches  of  which  it  passes 
to  all  the  internal  organs.  Through  this  arrangement  insects  pro- 
vided with  gills  do  not  require  atmospheric  air,  they  consequently  do 
not  rise  to  the  surface  of  the  water,  but  live  constantly  in  it  concealed 
among  water  plants. 

The  branchiae  may  be  separated  into  two  divisions,  by  their  forms; 
the  one  being  delicate  and  slender,  resembling  hair,  while  the  other 
is  broad,  th^n,  and  lamelliform. 

The  hair-shaped  branchiae  seldom  appear  singly,  but  generally  in 
approximate  fasciculi*  which  are  formed  by  either  the  ramifications  of 
one  or  of  several  main  stems  (PI.  III.  f.  6.),  or  by  filaments  radiating 
from  one  point  (the  same,  f.  10).  The  epidermis  of  these  processes  is 
exceedingly  delicate,  as  well  as  the  small  silvery  tracheae  enclosed  by 
it.  This  kind  of  branchiae  is  the  most  usual  and  general ;  it  is  found 
particularly  in  the  larvae  and  pupae  of  the  gnats. 

The  lamellate  branchiae  are  found  only  in  the  Diclyotaptera  and  the 
Neuropteraf  and  appear  as  broad  or  pointed  lanceolate  leaves,  and  are 
fimnd  on  each  side  of  each  abdominal  s^ment,  or  only  at  its  end. 

•  CommeDtar.,  p.  37.  No.  xx.  PI.  11.  f.  20. 
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8ev?mt  or  at.  least  two  leavesj  are  hxwA  at  eack  ptaoe^  ao  that  eaeh 
aagment  of  the  bodj  has  nerer  less  than  four  braackial  ieares.  They  are 
generally  tmifcmDj  but  an  untance  is  known  {  EpketMrnJuwo^gtmea^ 
Oe  Geer  *,)  in  which  one  of  the  branehi»  la  lamellate  and  the  other 
is  a  £ucicHlus  of  filiform  ones. 

If  we  look  to  the  ordefs  in  which  bnuichiie  are  found,  we  shall 
speedily  see  that  they  are  not  rare,  and,  indeed,  that  the  majority  of 
hrvm  which  live  in  water  In'eathe  by  means  of  gills. 

The  following  are  the  genera  whose  larvae  thus  respire  :•— 

Among  the  Coleoptera  we  find  hairy  branchiae  in  the  lame  of  the 
whirlwigs  {Gyrinut  f),  which  rise  frcHn  the  sides  of  each  segment*  and 
clothe  the  body  as  simple,  tolerably  stiff,  hairy  processes.  The  dooely 
allied  DyHcus  have  no  gills,  but  qpiracies,  which  lie  oontiguoiis  to  the 
anus;  the  hurva  of  Hydrophilus  piceus  likewise  breathes  through 
spiracles  thus  placed,  but  the  larva  of  HydrophUus  Caraboides,  has> 
according  to  Roesel's  figure  i,  ramose  branchial  fasciculi  on  each  abdo- 
minal segment. 

The  Ortlu^iera  never  live  in  water  either  as  larvse  or  as  perfiect 
insects,  they  have  consequently  only  spiracles  as  the  eztorior  oigans  of 
respiration. 

^  Many  of  the  Hemipiera,  both  in  their  larva  and  perfect  state,  live  in 
water,  but  branchiae  have  never  yet  been  observed  in  them.  Both  young 
and  old,  when  they  wish  to  breathe,  come  to  the  surfiioe  of  the  water, 
and  receive  air  through  the  spirades.  Nepa  and  Ranatra  have  air 
tubes,  which  we  have  mentioned  above. 

Whereas  in  the  orders  of  the  Diciyoloptera  and  Neuroptem  the 
branchial  apparatus  is  very  general.  In  the  first  of  these  orders,  the 
larvae  of  the  Ephemera  and  LibeUniUB  live  constantly  in  the  water,  and 
have  branchiae.  In  the  larvae  of  the  Ephemene  they  lie  at  the  sides  of 
the  body,  four  upon  each  segment,  and  they  consist  of  small  leaves  of 
various  forms.  In  Ep,  fuscf^grisea  one  branchia  is  a  leaf,  and  the  other 
a  fasciculus  j  in  Ep^  vulgata  §  both  are  leaves,  very  narrow^  and  clothed 
at  the  margin  with  long  fine  hairs.  The  branchiae  of  the  larvae  of  the 
LibeUiiUB  are  not  plaoed  at  the  sides  of  the  abdominal  segments,  but 
upon  or  within  the  last  segment ;  and  in  Agrum  they  form  three  large 

*  De  Qmt,  M^oiiw  tor  let  Inaectn,  vol.  ii.  put  ii.  p.  29l    PI.  XVill.  f.  8. 

t  Ib.,iN>l.  ir.  PL  Xia  L 16--19. 

X  Intecienbelattiguiigen,  voL  ii.    Waiter>Intecten  d.  Erst.  KImm,  p.  32.  PI.  IV.       « 
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dmte  kavcB  triiB|^  ttt^he  ttiar^n.  The  larv»  of  Mtchna  fuid  LibeU 
kia  brttthe  tbrongh  lift^calaited  braiicbifle>  wiiich  lie  in  the  colon. 
Tbidier  preceed  tiie  temnnal  ends  of  tlie  four  tnidn  stems  of  the 
tnchee;  day  transfwcrce  llie  meoibraue  of  the  coIon>  and  hang  as  thick 
^sdcoU  within  the  cavity  of  this  organ  *•  As  the  creature  imbibes 
water  hf  sieaiis  of  it>  and  linis  again  rejects  it^  it  helps  tb  assist  it  in 
<wimnuog»  which,  without  this  auxiliary  M,  it  wonid  find  it  difficult  to 
effect^  from  its  deficiency  of  other  swimming  leaves.  Other  larrae  swim 
hj  means  of  the  tnraudiial  leaves,  which  move  with  an  incessant 
akernatmg  vibxvtion. 

Among  the  Nearoplera  we  are  acquainted  with  the  fkmiHes  of  th6 
nnfgtmodea  aad  the  Semblodea,  whose  larvn  inhabit  water.  Both 
bnadie  during  tiiis  state  only  tfarough  branchiie,  whidi  in  the  former 
ooDsiit  of  tw^  leaves  placed  on  each  side  of  each  abdominal  segment, 
bat  varying  in  form  according  to  the  genera,  but  in  the  latter  they 
^ypeur  as  simple  or  plumose,  tolerably  long  processes,  which  consist  of 
sereral  joints,  becoming  gradually  acuminate,  upon  the  under  sur&ce 
ofwhidi  the  tracheas  ramify,  protected  by  two  rows  of  setss  f. 

BrmchiB  seem  very  general  in  the  family  of  the  gnats,  among  the 
Dipierat  as  they  are  found  not  only  in  the  larve  but  also  in  the  pupae. 
This  is  the  case  in  the  genus  Ckinmomus^  whose  larvae  described  above 
bnstbe  tfaniugli  exterior  tubes,  but  whose  pupae  are  furnished  with 
tna  radiating  fiuciculi  of  branchiae  at  the  thorax  (PL  III.  f.  6.).  These 
tamdiial  fiudcnli  are  seated  dose  to  the  spot  where  later  the  first  spiracle 
of  the  thOTax  is  found,  namely,  between  the  pro-  and  meso-thorax. 
TIm  aane  is  die  ease  in  the  genus  Simulia  ;  the  former  has  air  tubes- 
at  die  anal  end  as  well  as  at  the  thorax,  the  latter  two  large  branchial 
baciculi  betweenthe pro- and  meso-thorax  (PI.  III.  f. 9 and  lot).  "^^ 
reversed  telationa  obtain  in  the  genus  Anopheles,  whose  larva,  described 
tt  a  remarkable  water  animal,  first  by  Goeze  §,  and  afterwards  by 
lichtenstein  ||,  but  which  G.  Fischer  iT  ascertained  to  be  the  larva  of  this 
goat,  bears  hairy  brandiiae  at  its  anal  end,  but  whose  pupa  is  provided 

*  BottewiB  HeiuiogM  vol.  ii.  ptrt  i.  p.  55,  Ac.     PI.  I.  and  II. 

tlb.,m2rt    PU  111.124. 

I  Compsre  ThonV  ArchiT.  der  Entomologie,  toI.  it  no.  !i.  PI.  II. 

$  BctehSftigunoea  der  BerlinerGeMllKb.  NatuHbn.  Fraunde,  vol.  i.  p.  859.  Fl.  VIII. 

tt  Wnfldemuui*s  AretuT.  fur  Zoolo^e  und  Zootomie,  vol.  i.  No.  L  p.  16tt.     PI,  HI. 
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with  two  curved  air  tubes  between  the  pro-  and  mesc -thorax  (PI.  HI. 
f.  7  and  a) 

Among  the  Lepidoptera  but  one  caterpillar,  that  of  Boltfs  Hraiio" 
talis  has  been  observed  to  possess  branchiie  *.  In  this  they  conaisC  of 
delicate  small  hairs  which  clothe  the  whole  body,  but  particularly 
laterally,  in  the  vicinity  of  the  future  spiracles,  they  stand  in  fasciculi. 
The  tracheae  are  observed  in  them  as  glittering  silver-white  threads. 
The  caterpillar  lives  constantly  in  the  water  upon  the  leaves  of  Slra- 
iiotes  aloidet.  I  have  myself  observed  a  very  similar  caterpillar  of  a 
moth  upon  Ceratophyllum  demersum,  but  I  was  not  successful  in 
breeding  it.  Doubtlessly  others  also  exist  among  the  allied  genera  and 
species,  but  which  have  hitherto  escaped  detection.  It  must  strike  as 
remarkable,  that  among  the  Lepidoptera,  which  apparently,  hwn  the 
great  developn^ent  of  their  organs  of  flight,  are  destined  to  dwell  in  the 
air,  larve  should  be  found  which  select  a  place  of  residence  of  such  a 
very  opposite  nature,  whereas  among  the  Hymenoptera^  which  appear 
more  adapted  to  dwell  in  a  variety  of  media,  no  single  instance 
should  occur  of  one  having  been  observed,  either  in  its  larva  or  perfect 
state,  to  live  in  water.  It  is  indeed  true  that  some  of  their  larvae  live 
in  moist  places,  such  as  the  parasitic  larvae  of  the  Ichneumons,  but 
branchiae  have  never  yet  been  detected  in  them. 

§  127. 

B.   INTERNAL   OBGANS   OF   BE8FIBATI0N. 

The  internal  organs  of  respiration  are  the  most  simple  and  most 
uniform  parts  found  in  the  insect  body ;  for  they  universally  present 
themselves  as  ramose  tubes  originating  from  the  spiracle,  the  exterior 
air  tube,  or  £rom  the  root  of  a  branchia,  and  thence  spread  to  all 
the  other  organs.  Malpighi,  who  by  his  dissection  of  the  silk-worm 
was  the  first  to  obtain  a  correct  insight  into  the  internal  structure  of 
insects,  was  also  the  first  discoverer  of  these  internal  organs ;  pre- 
viously it  was  thought  that  insects  did  not  breathe,  an  opinion  which 
was  originally  propounded  by  Aristotle,  and  subsequently  generally 
received. 

As  to  the  structure  of  these  tubes  serving  for  the  function  of  respira* 
tion^  and  which  have  been  called  aib  tubbs  or  TRACHBis,  we  shall  find 

•  DeOeer,  vol.  i.  part  iu.    PI.  XXXVII.  f.  5  and  6. 
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that  they  oonnst  of  three  dtstincf:  layers^  wliich^  taking  them  from  the 
exterior,  appear  in  the  following  form  : — 

The  ootermoBt  membrane  (PL  XXII.  f.  11.)  is  transparent,  very 
nnsofthy  without  being  perceptibly  fibrous,  but  hard,  and  generally 
ooloarltts^  Coloured  tracheae,  which  we  now  and  then  observe,  for 
example,  brown  in  Locusta  viridUtimoy  red  in  Phasma  gigas,  or 
hlsek,  as  in  the  larvae  of  DyiicuM  and  Hi^rophilus,  derive  their  colour 
from  this  exterior  skin,  whereas  both  the  others,  especially  the  second^ 
are  constantly  of  a  silvery  white,  and  shining.  A  dark  colour  facilitates 
fery  much  the  detection  and  unravelment  of  the  extremely  delicate 
traches>  particularly  when  they  run  upon  the  clear  ground  of  other 
argans.  But  in  those  cases  where  the  tracheae  are  not  coloured  their 
investigation  is  not  very  difficult  when  freshly  killed  individuals  are 
•eleeted  for  the  purpose,  for  in  them  the  tracheae  are  still  filled  with 
air:  they  then  display  themselves  as  silvery  white,  glittering  threads^ 
which  here  and  there  appearduU  and  transparent,  from  moisture  having 
at  those  parts  already  penetrated  them.  In  general,  the  last  and  most 
delicate  ends  are  still  filled  with  air,  which,  however,  is  forced  out 
when  the  creature  has  been  long  immersed  in  spirits  of  wine,  and  it 
then  becomes  difiicult  to  obtain  a  satisfrMrtory  view  of  their  distribution. 
The  exterior  membrane  of  the  tracheae  consequently  is  structureless^ 
nor  is  it  in  very  close  connexion  with  the  second,  but  loosely  surrounds 
it,  leaving  everywhere  a  free  space  between  them,  which  is  quickly 
perceived  upon  a  microscopic  investigation,  and  thereby  readily  con- 
vinces us  of  the  presence  of  at  least  two  layers. 

The  secmd  layer  consists  of  a  single,  tense,  elastic,  and  very  delicate 
ilament,  which  twines  spirally  around  the  innermost  membrane,  so 
that  its  windings  are  everywhere,  or  at  least  very  generally  contiguous. 
This  thread  appears  to  be  simple  and  rounds  but  which  is  occasionally 
difficult  to  ascertain  from  its  delicacy,  but  the  microscope  displays  how 
it  distributes  itself  about  the  circumference  of  the. vessel,  and  that  it 
acaroely  leaves  the  smallest  space  between  its  successive  windings,  and 
which  is  filled  only  by  membrane.  In  some  instances,  for  example,  in 
i^xusia  viridUsima,  and  indeed  in  all  insects  provided  with  large 
tracheal  stona,  the  filament  becomes  broader,  resembling  a  band,  and 
can  he  distinctly  distinguished  as  such.  Spreugel  *  detected  in  such 
^Ser  trachec  ramose  filaments,  or  perfectly  closed  rings,  which  were 

*  Commenter.  de  Purl.,  &c      PI.  II.  f.  U. 
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separated  by  broader  membranous  spaces,  thesd  he  bas  -figured  b9 
round  in  Ceionia  aurala  * :  in  Lamia  lextor  he  ev«n  saw  smdt  spots 
between  the  windings,  whereby  the  vessels  of  this  itise<;t  n^peaivd 
punctate.  When  an  air-vessel  sends  off  a  branch  the  space  between 
the  two  successive  convolutions  then  widens,  and  the  branch  com- 
mences with  its  own  spiral  filament  (PL  X^II.  f.  11),  whereas  that  of 
the  stem  continues  uninterruptedly;  but  if  a  trachea  divides  into  two 
equal  branches,  each  begins  with  its  own  new  spiral  filament,  and  that 
of  the  stem  terminates  at  the  point  of  division.  These  spiral  filaments 
of  the  tracheie  may  be  considered  as  analogous  to  the  cartilagiiNNia 
rings  in  the  windpipe  of  the  superior  animals,  although  these  are  sepA* 
rated  from  each  other,  and  connected  only  by  their  softer  parts.  But 
this  fibrous  layer  of  the  muscular  membrane  in  the  vessels  bat  the 
same  function,  for  the  contraction  of  the  spiral  filament  straitens  the 
tracheae,  and  thus  helps  to  promote  expiration,  whilst  its  succeeding 
expansion  facilitates  the  inspiration  by  opening  a  larger  space  in  ^ 
vessel  for  the  admission  of  air.  The  cartilaginous  rings  of  the  wind- 
pipes of  the  superior  animals  fully  accomplish  this  last  purpose,  and 
they  thereby  distinguish  themselves  from  the  trachese  of  insects. 

The  innermost  third  membrane,  which  Lyonnet,  Marcd  de  Serres, 
and  Straus-Durckheim  admit,  but  Sprengcl  denies,  is,  aeoording  to  the 
investigations  of  the  former,  a  smooth,  transparent,  delicate,  muooua 
membrane,  and,  as  it  were,  a  continuation  of  the  exterior  epideniiia, 
with  which  it  also  stands  in  connexion  at  the  orifice  of  the  spiracles. 
The  spiral  filament  lies  closely  adhesive  to  it,  so  that  upon  a  rupture 
of  the  vessel  its  remains  hang  afiixed  to  the  detached  spiral  thread, 
whence  Sprengel  prefisrs  considering  it  as  a  connecting  membrane  be* 
tween  the  spiral  fibres  rather  than  as  a  distinct  layer.  But  the  fact  of 
this  innermost  membrane  peeling  ofi^  when  caterpillars  moult,  or  pass 
from  the  larva  to  the  pupa  state,  and  that  in  place  of  it  a  new  one  is 
formed  beneath,  speaks  distinctly  in  favour  of  its  being  oonsMered 
as  a  peculiar  and  a  separate  one. 

This  anatomical  structure  of  the  air-vessels  is  iband  precisely  the 
same  in  all  the  orders,  and  although  thenr  form  is  subject  to  many  run^* 
tions,  yet  their  structure  but  very  seldom  participates  in  thi»  dtffiM^e«ice. 
This  participation  of  the  structure  in  the  difi^nce  of  fonn  is  naith- 
tained  by  Straus  and  Marcel  deSertes  to  be  found  in  the  ail*  bag*of  tiVB^ 

»  Comnwntar.  de  Pari.  PI.  II.  f.  19. 
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lam^Wqemia,  in  whicbi  aooording  to  these  ent<Hnotoinist99  thp  «|ur4 
fikment  iadaficientf  wheresB  others,  particular! j  Suckpw  and  Sprei^l^ 
aaaert  timt  (hey  exis^  of  wfaioh  we  shall  speak  ia  detail  below. 

§  128. 

With  respect  to  the  differenoes  of  form  in  the  trachea^  according  to 
Mareel  de  Serres  they  may  be  divided  into  three  main  groups^  whioh 
that  writer  thus  distinguishes  :— 

},  Artrbxal  air- VR88BL8.— They  originate  directly  from  the 
spiraekb  and  ramify  with  the  most  delicate  branches  from  this  simple 
stem  to  all  the  internal  organs* 

.2.  T<7BOi«AB  or  PULMONARY  AiB-VRSSRiiS. — They  do  not  receive 
the  axr  directly,  but  stand  in  connexion  with  the  spiracle  by  means  of 
the  foroier.  They  are  larger  than  the  arterial  air-vessels,  their  course 
is  mmre  regular  and  straight}  their  diameter  broader,  and  their  branches, 
eft  the  eontraryj  smaller. 

3.  VaaicuLAR  air-yrssbls. — They  are  of  two  kinds,  either  large 
bladders*  in  which  the  air  collects,  and  whence  the  branches  spring,  or 
small  hlftdders  in  the  branches  themselves,  and  frequently  the  terminal 
disleaded  ends  of  the  bninches ;  both  forms  are  never  found  together. 

Upon  inspecting  first  the  arterial  air-vessels*  as  those  most  generally 
finndj  but  little  that  is  extraordinary  is  to  be  remarked  in  them ;  each 
maiR  stem  originates  from  the  internal  margin  of  each  spiracle  with  a 
broader  base,  which  narrows  somewhat  after  a  short  course.  Here  also 
is  the  point  of  division  of  the  main  stem ;  next  a  branch  spreads  for- 
wards and  backwards,  which  passes  to  the  anterior  and  posterior  spiracles 
to  nnite  with  each  main  stem  originating  from  them.  By  means  of  these 
arches  oil  the  stems  of  the  trachese  stand  in  close  connexion  together. 
Between  these  two  communicating  tracheae  the  remaining  ramose 
branches  originate,  and  each  spreads  more  particularly  to  those  organs 
wfaioh  lie  most  approximate  to  it.  These  branches  frequently  open 
into  each  other,  and  form  stems  running  contiguously  to  the  intestinal 
caoalj  the  .maseles,and  the  sexual  organs,  and  whence  the  delicate 
hcaiMhea  for  these  oigans  originate. 

.  ,Tbe*Oiunber  of  the  branches  originating  from  a  main  stem,  with  the 
esocptien  oC  Ahe  two  connecting  tubes,  is  indeed  very  variable,  but  we 
m$y  asgmne  that  more  branches  spread  from  the  trachese  of  the  thorax 
than  from  those  of  the  abdomen.  This  arises  from  the  greater  number 
of  organs  existing  in  the  thorax,  particularly  the  number  of  muscles. 
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whereas  in  the  abdomen  there  are  many'  spiracles^  but  proportionally 
fewer  internal  parta.  The  vessels  of  the  thorax  consequently  beloi^ 
more  to  the  organs  of  motion,  and  those  of  the  abdomen  to  the  intes- 
tinal canal  and  the  sexual  organs. 

Two  of  the  many  branches  which  the  main  stem  of  the  first  thoracic 
spiracle  sends  off  always  go  to  the  head.  One  runs  superficially  over 
and  contiguous  to  the  mandibulary  muscles,  and  also  unites  to  its  oppo- 
nent upon  the  opposite  side  (Melolontka),  and  distributes  itself  with 
its  branches  to  all  the  superior  internal  portions  of  the  head.  From  it 
the  ring  encompassing  the  eye  proceeds,  or,  where  this  is  wanting,  the 
branches  which  spread' in  the  pigment  of  the  eye.  The  inferior  branch 
accompanies  the  nervous  cord  and  the  cesophagus  into  the  head,  and 
distributes  itself  to  the  lower  lying  muscles,  the  maxillae,  and  the 
labium.  A  third  branch,  which  descends  downwards  anteriorly,  or  as 
in  the  Maniodea,  two  equal  branches  spreading  in  this  direction  pass 
into  each  anterior  leg,  and  each  distributes  itself  with  innumerable  ra- 
mifications to  its  very  point.  The  extreme  posterior  branch  is  the  one 
connecting  it  with  the  second  thoracic  spiracle,  the  remainder  origin- 
ating between  this  and  the  beforementioned  one,  distribute  themselves 
to  the  muscles,  and  several  pass  into  the  meso-thorax.  The  spiracle 
between  the  meso-  and  meta-thorax,  generally  the  smallest,  has  also 
the  fewest  branches,  namely,  besides  the  connecting  ones  which  unite 
it  to  the  first  and  third  spiracle,  it  has  a  main  branch  for  the  middle 
leg,  and  several  ramifications  for  muscles.  From  the  third  spiracle 
between  the  meta-thorax  and  the  abdomen  it  is  generally  that  the 
greatest  number  of  branches  originate,  namely,  the  two  connectixig 
branches,  the  branches  for  the  third  pair  of  legs,  and  several  large 
<mea  to  the  muscles.  The  spiracles  of  the  abdomen  have  each  their 
two  connecting  branches,  and  besides  which  several  ramifications  for 
the  internal  organs.  The  number  of  these  branches  differs  much  in  the 
genera  and  fiamilies,  but  they  are  about  the  same  from  the  several 
spiracles.  In  the  Maniodea  they  unite  to  a  second^  more  internal, 
common  duct^  and  from  which  the  branches  for  the  internal  organs 
originate*. 

In  all  caterpillars,  maggots,  and  in  the  larvn  of  the  H^menoptera 
we  observe  only  arterial  vessels,  the  same  in  all  the  predaeeous  and 
swimming  beetles,  and  in  the  Heieramera  and  Tetratnera.  In  all  other 

•  Marcel  de  Scrrw,  M^m.  du  Mui^um,  vol.  W.     PI.  XVI.  f.  1- 
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inflects  we  fiad  them  in  oonjunction  with  pulmonary  and  vesicular 
vessels,  bat  the  terminal  ramifications^  as  well  as  the  secondary  ones, 
are  of  the  arterial  description. 

§  129. 

Tabular  air  vessels  are  chiefly  peculiar  to  such  larvae  as  are  provided 
either  only  at  one  end  or  at  both  ends  of  the  body  with  spiracles ; 
besides  which  the  communicating  tubes  of  the  stems  of  the  spiracles 
are  tubular.  Under  the  name  of  tubular  we  understand  such  air- 
vessels  which  proceed  uninterruptedly  from  one  end  of  the  body  to  the 
other,  and  which  only  send  forth  here  and  there  small  accessory 
branches ;  or  else  the  simple  communicating  vessels  between  two  ap- 
proximate spiracles,  and  which  are  without  any  accessory  ramifications. 
Both  have  this  in  common,  that  they  preeminently  extend  according 
to  the  longitudinal  axis  of  the  body,  whereas  the  arterial  air-vessels 
take  their  coarse  in  an  opposite  direction  to  this  longitudinal  course. 
Whence  it  becomes  apparent  that  the  tubular  air-vessels  are  never  insu- 
lated, but  can  only  exist  in  conjunction  with  the  arterial ;  the  former 
are,  as  it  were,  the  main  stems  and  the  latter  their  twigs. 

We  will  now  describe  in  greater  detail  some  of  the  chief  tubular  air- 
vessels. 

With  respect  to  their  first  form  we  may  assume  that  all  larvae 
which  live  in  water  possess  more  or  less  developed  tubular  main 
stems.  Among  the  Coleoptera  this  is  the  case  in  the  larvse  of 
Di/ticug  and  Hydrophilus,  The  yellowish  green  larvse,  figured 
by  Roesel  *  of  the  large  water-beetles  {Dyticus  marginalis,  dimi- 
diatus,  &c.),  have  two  large  spiracles  at  the  apex  of  the  last  abdo- 
minal segment,  exteriorly  contiguous  to  the  short,  plumose,  anal  apex. 
Two  large,  broad,  black  tracheae  originate  from  them,  which  ascend 
nndiyided  as  fiar  as  the  first  thoracic  segment,  the  future  prothorax. 
There  each  furcates,  and  then  both  branches  run  to  the  head, 
one  spreading  over  the  muscle  of  the  mandible  and  the  other  beneath 
it  Two  small  accessory  branches  of  these  two  main  stems  spring  from 
it  at  the  commencement  of  each  abdominal  segment^  but  the  inner  one 
of  these  two  is  considerably  the  largest  in  the  fourth,  tenth,  and 
eleveoth  segments,  for  these  three  pass  to  the  intestinal  canal,  the 
anterior  one  to  the  stomach,  the  posterior  ones  to  the  ilium  and  thick 
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whereat  in  the  abdomen  there  are  many'  spiracles^  but  proportionany 
fewer  internal  parta.  The  vessels  of  the  thorax  consequently  belong 
more  to  the  organs  of  motion^  and  those  of  the  abdomen  to  the  intes- 
tinal canal  and  the  sexual  organs. 

Two  of  the  many  branches  which  the  main  stem  of  the  first  thoracic 
spiracle  sends  off  always  go  to  the  head.  One  runs  superficially  over 
and  contiguous  to  the  mandibulary  muscles^  and  also  unites  to  its  oppo- 
nent upon  the  opposite  side  (Melolontha),  and  distributes  itself  with 
its  branches  to  all  the  superior  internal  portions  of  the  head.  From  it 
the  ring  encompassing  the  eye  proceeds^  or^  where  this  is  wanting,  the 
branches  which  spread' in  the  pigment  of  the  eye.  The  inferior  brasch 
accompanies  the  nervous  cord  and  the  oesophagus  into  the  head,  and 
distributes  itself  to  the  lower  lying  muscles,  the  maxills,  and  the 
labium.  A  third  branch,  which  descends  downwards  anteriorly,  or  as 
in  the  Maniodea,  two  equal  branches  spreading  in  this  direction  pass 
into  each  anterior  leg,  and  each  distributes  itself  with  innumerable  ra- 
mifications to  its  very  point.  The  extreme  posterior  branch  is  the  one 
connecting  it  with  the  second  thoracic  spiracle,  the  remainder  origin- 
ating between  this  and  the  beforementioned  one,  distribute  themselTfs 
to  the  muscles,  and  several  pass  into  the  meso-thorax.  The  spiracle 
between  the  meso-  and  meta-thorax,  generally  the  smallest,  has  also 
the  fewest  branches,  namely,  besides  the  connecting  ones  which  unite 
it  to  the  first  and  third  spiracle,  it  has  a  main  branch  for  the  middle 
leg,  and  several  ramifications  for  muscles.  From  the  third  spiracle 
between  the  meta-thorax  and  the  abdomen  it  is  generally  that  the 
greatest  number  of  branches  originate,  namely,  the  two  connecting 
branches,  the  branches  for  the  third  pair  of  l^s,  and  several  large 
ones  to  the  muscles.  The  spiracles  of  the  abdomen  have  each  their 
two  connecting  branches,  and  besides  which  several  ramifications  for 
the  internal  organs.  The  number  of  these  branches  differs  much  in  the 
genera  and  fiamilies,  but  they  are  about  the  same  from  the  several 
spiracles.  In  the  Maniodea  they  unite  to  a  second^  more  internal, 
common  duct,  and  from  which  the  branches  for  the  internal  organs 
originate*. 

In  all  caterpillars,  ma^ots,  and  in  the  larvn  of  the  H^atoptera 
we  observe  only  arterial  vessels,  the  same  in  all  the  predaceoas  and 
swimming  beetles,  and  in  the  Heieramera  and  Teiramera.  In  all  other 
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ioaeeU  we  find  them  in  conjunction  with  pulmonary  and  veucular 
ressels,  but  the  terminal  ramifications^  as  well  as  the  secondar  j  ones, 
are  of  the  arterial  description. 

§  129. 

Tubnlar  air  vessels  are  chiefly  peculiar  to  such  larvae  as  are  provided 
eitlier  only  at  one  end  or  at  both  ends  of  the  body  with  spiracles ; 
besides  which  the  communicating  tubes  of  the  stems  of  the  spiracles 
are  tabular.  Under  the  name  of  tubular  we  understand  such  air- 
resscls  which  proceed  uninterruptedly  from  one  end  of  the  body  to  the 
other,  and  which  only  send  forth  here  and  there  small  accessory 
branches ;  or  else  the  simple  communicating  vessels  between  two  ap- 
proximate spiracles,  and  which  are  without  any  accessory  ramifications, 
fioth  have  this  in  common,  that  they  preeminently  extend  according 
to  the  longitudinal  axis  of  the  body,  whereas  the  arterial  air-vessels 
take  their  course  in  an  opposite  direction  to  this  longitudinal  course. 
Whence  it  becomes  apparent  that  the  tubular  air-vessels  are  never  insu- 
lated, but  can  only  exist  in  conjunction  with  the  arterial ;  the  former 
are,  as  it  were,  the  main  stems  and  the  latter  their  twigs. 

We  will  now  describe  in  greater  detail  some  of  the  chief  tubular  air- 
Tcssels. 

With  respect  to  their  first  form  we  may  assume  that  all  larvie 
which  live  in  water  possess  more  or  less  developed  tubular  main 
stems.  Among  the  Coleopiera  this  is  the  case  in  the  larvee  of 
Dyticus  and  Hydrophilus.  The  yellowish  green  larvae,  figured 
bj  Roesel  *  of  the  large  water-beetles  {Dyticus  marginalia ,  dimi- 
iiaitu,  &c.),  have  two  large  spiracles  at  the  apex  of  the  last  abdo- 
minal segment,  exteriorly  contiguous  to  the  short,  plumose,  anal  apex. 
Two  large,  broad,  black  tracheae  originate  from  them,  which  ascend 
undivided  as  far  as  the  first  thoracic  segment,  the  future  prothorax. 
There  each  furcates,  and  then  both  branches  run  to  the  head, 
one  spreading  over  the  muscle  of  the  mandible  and  the  other  beneath 
it.  Two  small  accessory  branches  of  these  two  main  stems  spring  from 
it  at  the  commencement  of  each  abdominal  segment,  but  the  inner  one 
of  these  two  is  considerably  the  largest  in  the  fourth,  tenth,  and 
elerenth  segments,  for  these  three  pass  to  the  intestinal  canal,  the 
anterior  one  to  the  stomachy  the  posterior  ones  to  the  ilium  and  thick 
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whereas  in  the  abdomen  there  are  many'  spiracles,  but  proportionally 
fewer  internal  parts.  The  vessels  of  the  thorax  consequently  belong 
more  to  the  organs  of  motion,  and  those  of  the  abdomen  to  the  intes* 
tinal  canal  and  the  sexual  organs. 

Two  of  the  many  branches  which  the  main  stem  of  the  first  thoracic 
spiracle  sends  off  always  go  to  the  head.  One  runs  superficially  over 
and  contiguous  to  the  mandibulary  muscles,  and  also  unites  to  its  oppo- 
nent upon  the  opposite  side  (Melolontha),  and  distributes  itself  with 
its  branches  to  all  the  superior  internal  portions  of  the  head.  From  it 
the  ring  encompassing  the  eye  proceeds,  or,  where  this  is  wanting,  the 
branches  which  spread' in  the  pigment  of  the  eye.  The  inferior  branch 
accompanies  the  nervous  cord  and  the  oesophagus  into  the  head,  and 
distributes  itself  to  the  lower  lying  muscles,  the  maxills,  and  the 
labium.  A  third  branch,  which  descends  downwards  anteriorly,  or  as 
in  the  Maniodea,  two  equal  branches  spreading  in  this  direction  pass 
into  each  anterior  leg,  and  each  distributes  itself  with  innumerable  ra- 
mifications to  its  very  point.  The  extreme  posterior  branch  is  the  one 
connecting  it  with  the  second  thoracic  spiracle,  the  remainder  origin- 
ating between  this  and  the  befbrementioned  one,  distribute  themselves 
to  the  muscles,  and  several  pass  into  the  meso-thorax.  The  spiracle 
between  the  meso-  and  meta-thorax,  generally  the  smallest,  has  also 
the  fewest  branches,  namely,  besides  the  connecting  ones  which  unite 
it  to  the  first  and  third  spiracle,  it  has  a  main  branch  for  the  middle 
leg,  and  several  ramifications  for  muscles.  From  the  third  spiracle 
between  the  meta-thorax  and  the  abdomen  it  is  generally  that  the 
greatest  number  of  branches  originate,  namely,  the  two  connecting 
branches,  tbe  branches  for  the  third  pair  of  legs,  and  several  large 
ones  to  the  muscles.  The  spiracles  of  the  abdomen  have  each  their 
two  connecting  branches,  and  besides  which  several  ramifications  for 
the  internal  organs.  The  number  of  these  branches  differs  much  in  the 
genera  and  fiamilies,  but  they  are  about  the  same  from  the  several 
spiracles.  In  the  Mantodea  they  unite  to  a  second^  more  internal, 
common  duct^  and  from  which  the  branches  fw  the  internal  organs 
originate*. 

In  all  caterpillars,  ma^ots,  and  in  the  larvn  of  the  H^enoptera 
we  observe  only  arterial  vessels,  the  same  in  all  the  predaoeous  and 
Bwimming  beetles,  and  in  the  Heteramera  and  Tetramera.  In  all  other 
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insects  we  find  them  in  oonjonction  with  pulmonary  and  vesicalar 
vessels,  bat  the  terminal  ramifications^  as  well  as  the  secondary  ones^ 
are  of  the  arterial  description. 

§  129. 

Tabular  air  vessels  are  chiefly  peculiar  to  such  larvae  as  are  provided 
either  only  at  one  end  or  at  both  ends  of  the  body  with  spiracles ; 
besides  which  the  communicating  tubes  of  the  stems  of  the  spiracles 
are  tubular.  Under  the  name  of  tubular  we  understand  such  air- 
vessels  which  proceed  uninterruptedly  from  one  end  of  the  body  to  the 
other,  and  which  only  send  forth  here  and  there  small  accessory 
branches  ;  or  else  the  simple  communicating  vessels  between  two  ap- 
proximate spiracles,  and  which  are  without  any  accessory  ramifications. 
Both  have  this  in  common,  that  they  preeminently  extend  according 
to  the  longitudinal  axis  of  the  body,  whereas  the  arterial  air-vessels 
take  their  course  in  an  opposite  direction  to  this  longitudinal  course. 
Whence  it  becomes  apparent  that  the  tubular  air-vessels  are  never  insu- 
lated, but  can  only  exist  in  conjunction  with  the  arterial ;  the  former 
are,  as  it  were,  the  main  stems  and  the  latter  their  twigs. 

We  will  now  describe  in  greater  detail  some  of  the  chief  tubular  air- 
vessels. 

With  respect  to  their  first  form  we  may  assume  that  all  larvae 
which  live  in  water  possess  more  or  less  developed  tubular  main 
stems.  Among  the  Coleoptera  this  is  the  case  in  the  larvae  of 
Dyticug  and  Hydrophilus.  The  yellowish  green  larvae,  figured 
by  Roesel  *  of  the  large  water-beetles  {Di^ticus  marginalh,  dimi- 
diatus,  &c.),  have  two  large  spiracles  at  the  apex  of  the  last  abdo- 
minal segment,  exteriorly  contiguous  to  the  short,  plumose,  anal  apex. 
Two  large^  broad,  black  tracheae  originate  from  them,  which  ascend 
undivided  as  far  as  the  first  thoracic  segment,  the  future  prothorax. 
There  each  furcates,  and  then  both  branches  run  to  the  head, 
one  spreading  over  the  muscle  of  the  mandible  and  the  other  beneath 
it.  Two  small  accessory  branches  of  these  two  main  stems  spring  from 
it  at  the  commencement  of  each  abdominal  segment,  but  the  inner  one 
of  these  two  is  considerably  the  largest  in  the  fourth,  tenth,  and 
eleventh  segments,  for  these  three  pass  to  the  intestinal  canal,  the 
anterior  one  to  the  stomach,  the  posterior  ones  to  the  ilium  and  thick 
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gut,  whereas  all  the  rest  are  branches  which  run  off  to  the  muscles. 
But,  on  the  contrary,  the  two  exterior  Immches  in  the  second  s^ment 
exceed  the  inner  ones  in  size,  turn  upwards  to  the  back  of  the  seg* 
ment,  and  here  anastomose,  whereby  is  formed  one  transverse  commu- 
nicating passage  between  the  two  main  stems.     All  the  transverse 
accessory  branches  are  here  arterial,  but  the  large  main  canal  which 
runs  longitudinally  in  the  insect  is  tubular.     We  find  a  similar  dispo- 
sition and  structure,  in  all  the  essential  portions,  in  the  tracheal  system 
of  the  larva  of  Hydrophilus  piceus,  as  is  evident  from  Snckow's  figures*. 
Tubular  air-vessels  are  very  general  among  the  Orthoplera,  where 
likewise,  as  is  always  the  case,  they  are   connected   with  arterial 
branches,  or  even  with  vesicular  vessels.    The  tracheal  system  of  Mantis 
oratorio  described  and  figured  by  Marcel  de  Serres  may  serve  us  for  an 
example  f.    Two  narrow  vessels  originate  from  each  of  the  seven 
abdominal  s^ments,  the  shorter  exterior  ones  of  which  unite  in  a 
direct  tubular  vessel,  which  runs  beneath  the  mai^n  of  the  abdomen, 
and  passes  on  to  the  third  spiracle  of  the  thorax.     The  inner  somewhat 
longer  vessels  unite  in  arches,  forming  a  second  longitudinal  tube, 
which  proceeds  in  an  undulating  line  dose  to  the  superior  wall  of  the 
intestinal  canal^  and  also  passes  into  the  thorax.    A   third  tubular 
vessel  comes  out  of  the  thorax,  running  very  closely  to  the  intestinal 
canal :  it  also  takes  an  undulating  course,  but  beneath  that  organ,  and 
sends  forth  branches  laterally,  which  again  unite  in  a  fourth  direct 
tubular  vessel,  and  which  is  connected  at  its  anterior  and  posterior 
extremities  with  the  first  named  one,  which  runs  at  the  edge  of  the 
abdomen.    All  these  tubular  vessels  give  off  but  few  branches,  and  it 
is  only  from  the  central  lower  longitudinal  tube  that  some  delicate 
branches  are  given  off  to  the  intestine,  and  it  is  from  the  central  inner 
small  vessel,  originating  at  the  spiracle,  that  the  air  tubes  come  for  the 
sexual  oi^gans. 

The  air-vessels  of  the  larvee  of  the  Libeiluke  are  also  tubular,  and 
are  very  uniform  in  their  distribution  with  those  of  the  larvae  of  the 
beetles  which  live  in  water.  Two  large  main  stems,  serpentine  at  the 
dorsal  portion  of  the  intestinal  canal,  which^  after  being  bound  by  the 

*  In  Heuiinger  ZdtMhr.  vol.  ii.  No.  i.  PL  IV.  f.  26.  See  «  detailed  deMiiption  in 
H.  M.  Oaede  Diueit.  Sistens.  Obeervation.  quesd.  de  Iniector.  Yonnnmqae  Structura. 
CUlon,  1817.    4to. 
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cqIwi  fiom  wbioli  tfaey  erigioate  in  a  tnh,  take  their  course  to  the 
headf  wh^re  they  again  furcate.  On  each  side  pf  the  ventral  portioa 
two  smaller  Teeada  lie,  whvik  are  united  to  the  dorsal  vessels  by  means 
<»f  tnmsveiae  branqhes.  Tbe  nj^er  one  of  these  runs  also  to  the  head, 
tbeioarer  one^  taking  its oourse  nearly  in  the  centre  of  the  bodyi  termi- 
Bstet  on  the  contrary  in  delicate  ramifications  *  at  the  stomach.  We 
itad  slso  in  the  pofeofe  insect  both  the  ventral  and  dorsal  stems,  the 
istter  eoQUBunicatuig  by  means  of  delicate  cana]s  with  the  seven  spi* 
neks  of  the  abdomen. 

The  tubular  vessels^  lastly,  are  found  very  generally  in  the  larva  of 
tlbc  Dipiera.  The  larva  of  the  common  gnat  (Cicbx)  hss  two  large 
donsl  sterna,  whidi  originate,  already  divided,  from  the  above  described 
pwterior  air  tube,  and  give  off  their  fine  branches  to  the  internal 
•rgaas  t.  In  the  larva  of  ErUtaUs  ienax,  Meig*,  which  has  been  called 
the  rat^tailed  maggot,  from  its  long  air  tube  (PL  IL  f.  8.),  both  the 
two  gieat  tracheal  stems  unite,  previously  to  their  passing  into  the  inner 
tobe  of  the  air  tube,  by  means  of  a  transverse  branch,  and  remain  for 
a  small  space  separated,  lying  convoluted  in  front  of  the  internal  aper- 
tare  of  the  tnbe,  but  it  is  only  where  they  pass  into  the  inner  tube  that 
they  ate  truly  united  together.  In  the  body  itself  they  are  never  again 
Halted,  but  in  the  first  segment  in  the  membranous  head  there  is  ano* 
ther  oonnecting  tube  which  proceeds  directly  behind  the  cerebrum.  In 
front  of  this  connection  they  become  considerably  narrower,  bnt  behind 
it  each  stem  proceeds  out  of  the  head  as  a  fine  tube  passing  into  a  small 
ihr  tube  placed  at  each  side  of  the  head,  which  were  necessary  for  the 
opiiation  of  the  previonaly  inspired  air.  It  is  probable  that  such 
SBterior  air  tubes  are  found  ako  in  the  larvae  of  other  Diptera.  A 
aoitlar  structure  is  found  in  the  larfso  of  all  the  flies ;  but  they  want 
the  tail,  and  both  the  tracheal  stems  separately  vent  themselvea  at  the 
posterior  obtuse  surface  of  the  body  (PI.  II.  f.  1.). 

The  larvie  of  the  Hj/menopiera  have  also  tubular  main  stems,  but 
wbich,  aa  they  are  formed'of  small  tubes  that  proceed  from  the  spi- 
ndcs,  are  never  so  huqge  and  developed.-  Two  main  stems  consequently 
proceed  on  each  side  of  the  body,  united  in  each  »^ment  by  means  of  a 
transverse  connecting  vessel,  but  there  orginate  from  them,  at  those 
phces  where  the  tubes  of  the  spiracles  pass  into  them,  innumerable 

*  Suckow  in  Heusinger,  f.  7.  &  9, 
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ramose  or  arterial  vesselK,  so  that  the  tubular  main  stem  is  less  insu- 
lated *.  Precisely  the  same  structure  ia  exhibited  iu  the  larvs  of  the 
Lepidoptera,  but  the  peculiar  tubular  structure  is  still  more  indistinct^ 
for  in  general  the  transverse  connecting  tubes  are  also  wanting. 

§  130. 

The  vesicular  air  vessels  are  properly  only  distended  tubesj  or  the 
distended  ends  of  accessory  branches,  it  is  thence  that  th^j  are  never 
found  alone,  but  they  are  always  in  conjunction  with  arterial  or  tubular 
air  vessels.  They  also  appear  under  two  chief  forms,  for  they  are  either 
very  large  bladders,  lying  chiefly  in  the  abdomen,  whence  arterial  air 
vessels  originate^  or  they  are  the  vesicular  distensions  of  the  branches 
of  arterial  air  vessels  themselves. 

The  first  form  of  the  vesicular  air  vessels  ^is  foujid  in  the  Hymtn- 
optera,  Diptera,  Cicada,  and  in  a  somewhat  altered  figure  in  many 
grasshoppers. 

In  the  DipUra,  at  least  in  the  true  flies  (  Muscidai)  the  Stfrphodtfi 
and  the  (Estrida,  two  large  air  bladders  have  been  observed  at  the  base 
of  the  abdomen,  contiguous  to  the  intestinal  canal,  which  are  tolerably 
uniform  in  structure  with  the  large  tubular  vessels,  but  the  twiatings 
of  the  thickish  spiral  filament  are  wider  apart,  the  filament  itsdf 
divides  here  and  there,  and  is  interrupted  at  other  parts,  whence  the 
entire  surface  does  not  appear  so  regularly  transversely  striated  as  in 
the  tubular  vessels  (PI.  XXII.  f.  12.,  membrane  of  the  air  bladder  of 
Musca  vamitarid).  Their  form  is  regulated  by  that  of  the  abdomen, 
so  that  they  are  ofiben  ovate  or  very  generally  vertically  compressed, 
and  are  here  and  there  angular,  in  consequence  of  constrictions.  A 
large  trachea  originates  from  their  under  surface;  it  runs  forward  and 
backward  to  the  head  and  anus,  and  gives  off  lateral  trachee  to  the 
spiracles  of  the  thorax  and  abdomen.  Other  finer  vessels  run  over  the 
superior  surface  of  the  bladder,  and  ramify  to  the  internal  oigwis. 
Whether  they  originate  from  the  bladder  itself  or  from  jLhe  connect- 
ing vessels  lying  beneath  it  I  could  not  perfeive  distinctly  in  fli^  but 
it  is  the  case  in  Scolia  and  in  Apu  according  to  Leon  Dufour.  But 
this  whole  air  bladder  is  nothing  else  than  the  tabular  vessel  ^f  the 
larva,  which  during  the  pupa  state  has  shortened  and  distended,  and  pf 
which  we  took  notice  in  the  preceding  paragraph ;  this  air  bladder  must 

•  CompMe  SwftmmenUm  Bibli*  Niitttn,Pl.  XXIY.  t  1.  in  ApU  Mellifiea, 
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ctnaequently  be  found  in  all  flies  whose  lanrae  breathed  through  the  tail 
itself,  or  through  spiracles  seated  there.  The  presence  of  this  air 
bladder  explains  the  cause  of  the  glassy  perfectly  transparent  abdomen 
of  80  many  Dipiera,  for  cfxample,  of  VoluceUa  peUucenSy  Meig.  The 
AtiUy  which  Itaye  a  longer^  narrower,  more  extended  abdomen,  possess, 
according  to  Marcel  de  Serres  *,  several  small  and  successiTe  Tesides, 
fbr  example,  AiUus  harharus  has  sixty  on  eadi  side. 

Many  Hymenoptera  display  a  similar  structure.  In  some  species  of 
BmiAus  I  haye  found  precisely  the  same  air  bladders  at  the  commence- 
ment of  the  abdomen,  as  has  also  Leon  Dufour  i&  Scolia  f. 

Cams  X  ^as  described  them  in  the  large  Cicada,  The  air  bladder 
originates  within  the  circumference  of  the  large  spiracle  which  lies 
between  the  thorax  and  abdomen,  it  distends  a  little  ailteriorly,  but 
spreads  especially  backwards,  where  it  extends  to  the  sixth  or  seventh 
segment ;  before  impregnation,  whilst  the  ovaria  and  testes  are  still 
filled  with  their  contents,  they  are  limited  to  a  smaller  space,  but  after 
copalaticm  they  occupy  almost  the  whole  abdomen,  particularly  in  the 
males,  in  which  they  are  generally  larger  in  compass,  doubtlessly  in 
eoanecdon  with  the  Yocal  organ,  which  in  the  females  is  merely  indi* 
cated.  Hence  is  explained  the  opinion  of  the  ancients,  whb  held  that 
the  males  were  empty. 

In  the  grasshoppers  the  bladders  have  a  somewhat  different  eonnec-< 
tion  with  the  rest  of  the  respiratory  system  ;  and  they  also  vary  con- 
siderably in  form  from  the  former,  for  in  these  they  consist  of  bags  of 
1  somewhat  longish  oval  shape,  very  pointed  at  both  ends.  In  Locusta 
viridunma  two  such  bags  originate  at  each  spiracle,  they  thence  ascend 
close  to  the  inner  side  of  the  general  integument  up  to  the '  back, 
where  they  attach  themselves  to  a  fiat  homy  arch,  which  originates 
&om  each  ventral  plate  projecting  into  the  cavity  of  the  abdomen,  and 
which  is  affixed  to  the  ventral  plate  only  at  its  commencement.  £ach 
of  these  arches  supports  two  air  bladders,  which,  however,  do  not  pitK 
ceed  from  one  but  from  two  separate  spiracles,  so  that  they  altogether 
form  a  xigsag  line.  Bnt  they  are  connected  also  above  aiid  below  by  a 
narrow  limgitndinal'  tube,  and  from  the  lower  ones  there  are  vessels 
couiecting  them  with  the  opposite  ones  of  the  other  side,  and  from  the 
iipper  ones  originate  the  branches  which  are  distributed  to  the  internal 

•  M^oi.  de  Mna.,  m  above,  p.  362.  f  Journal  de  Pbysiqae,  Sept.  1830. 

X  Aaalektoi  zur  Natnnrisscnachafl  und  Heilkunde.     Dresden,  1828.  page  158.  fig. 
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organs.  Thus^  therefore,  the  air  bladders  of  the  abdomen  form  tf  com- 
pact net-work>  which  is,  as  it  were,  spread  out  between  the  spiracles 
and  the  homy  arches.  If  the  abdomen  be  drawn  together  by  muscular 
contraction  the  homy  arches  rise,  extend  the  trachee  lon^tudinallyy 
and  consequently  the  air  contained  within  them  is -forced  out;  but 
upon  its  expansion  the  air  again  streams  in,  when  every  bladder, 
through  the  elasticity  of  its  filament,  is  again  shortened  and  dis- 
tended. The  respiratory  system  of  Truxalis  nanttus,  of  which 
Marcel  de  Serres  has  given  a  figure  *,  is  still  more  complicated, 
for  in  it  the  bladders  do  not  originate  immediately  from  the 
spiracles,  but,  by  means  of  long  tubes,  from  the  common  tubular 
vessels  which  connect  all  the  spiracles,  and  at  the  opposite  end  unite 
in  a  second  but  more  delicate  longitudinal  tube.  Also  the  two  oppo- 
site bladders  are  held  in  connection  t<^ther  by  undivided  tolerably 
narrow  tubes.  In  the  abdomen  there  are  twenty  bladders,  ten  on 
each  side ;  in  the  thorax  six  larger  ones,  four  in  the  meso-  and  meta- 
thorax,  one  very  large  pear-shaped  one  above,  at  the  dorsal  portion  of 
the  pro-thorax,  dose  to  the  crop,  and  besides  many  vesicular  disten- 
sions of  the  arterial  vessels ;  in  the  head  there  are  six  lai^  bladders, 
two  laterally,  contiguous  to  the  muscles  of  the  mandibles,  two  above,  at 
the  vertex  over  the  eyes,  two  in  the  forehead  before  the  eyes,  and 
between  these  several  smaller  vesicles. 

The  second  chief  form  of  the  vesicular  air  vessels  is  found  among  the 
Coleoptera  in  tlie  family  of  the  LameUicornia,  among  the  Lepidoptera 
in  the  Crepuscularia,  particularly  in  the  males,  and  then  inr  the 
dragon  flies. 

In  the  LameUicornia  the  chief  distribution  of  the  air  vessels,  as 
throughout  the  Coieoptera,  is  arterial,  for  fascicles  of  air  vessels  ori- 
ginate from  each  spiracle ;  but  each  finer  branch  distends,  prior  to  its 
ultimate  and  finest  ramification,  into  an  oval  bladder,  which  is .  of  a 
more  delicate  structure  than  the  rest  of  the  branch,  whence  Marcel 
de  Serres  and  Straus  deny  the  presence  of  the  spiral  fibre  in  these 
vessels,  which  Suckow  maintains  to  be  the  case.  It  is  true  that  these 
bladders  are  more  transparent  than  the  tubes,  but  they  exhibit  a 
peculiar  punctured  stracture,  as  was  even  perceived  and  figured  by 
Swammerdam  f ,  and  also  by  Sprengel  t ;  and  thence  I  would  assume 

•  A«  above,  PI.  XV.   ^, 
t  BiW»  Nature^  PI.  XXIX.  f.  10.  ♦  Comnentar.^  PI.  I.  f.  11—13. 
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ih$t  in  these  bladders,  as  in  the  larger  ones  of  the  flies,  the  spiral  fila- 
ment has  torn  from  the  distension,  and  only  the  rudiments  of  it  are 
present  in  the  darker  places.  These  bladders  accompany  all  the  intes 
tines,  pass  everjrwhere  between  the  muscles,  and  are  particularly  accu- 
mulated superficially  beneath  the  integument.  A  precise  description 
is  consequently  impossible,  from  the  manifold  reticulation  of  the 
branches,  and  a  single  glance  at  the  masterly  representation  of  it  in 
Straus  will  explain  it  better  than  any  words  unaccompanied  by  figures 
could  possibly  do,  we  therefore  refer  to  his  anatomy  o£  Mehionika. 

The  vesicular  distensions  in  the  tracheae  of  the  Libellula  are  found 
chiefly  in  the  thorax,  and  in  it  they  lie  exteriorly,  contiguous  to  and 
between  the  muscles.  They  are  generally  pyriform,  whereas  those  of 
the  Lamellicomia  and  Lepidopiera  are  perfectly  oval ;  the  bags  also 
appear  to  me  to  be  connected  by  tracheas  and  to  form  distinct  lacings. 

Among  the  Lepidoptera  we  find  the  bladders  chiefly  in  the  male 
Sphinges  and  Pkalemgj  and  are  sometimes  small  and  sometimes  large, 
as  in  Acherontia  Alropos,  Ochs.  They  are  of  a  coarser  structure  than 
those  of  the  beetles,  so  that  the  presence  of  the  spiral  fibre  is  here 
subject  to  no  doubt.  According  to  a  figure  in  Sprengel  the  membrane 
of  the  bladder  has  sometimes  a  cellular  appearance,  and  this  might  then 
be  considered  as  an  approximation  to  the  structure  in  the  Lameili-' 
eomia. 


SECOND  CHAPTER. 

OF    THE    ORGANS    OF    GENERATION. 


§  131. 

Tan  second  chief  system  of  the  vegetative  organs  comprises  the 
sexual  organs  destined  to  the  propagation  of  the  species.  Under  this 
name  we  understand  both  the  vesicular  and  the  tubular  parts  which  lie 
in  the  abdomen  generally  affixed  at  one  end,  which,  in  a  variety  of 
fimrms  and  connections  are  united  together  in  main  stems,  and  open  in 
one  evacuating  duct  at  the  end  of  the  abdomen  beneath  the  anus.  This 
last  definition  is  subject  to  no  exception  in  true  insects,  for  what  has 

•  CommentBr.,-Pl.  IIL  fig.  24.       * 
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been  considered  as  exterior  sexual  organs  and  sexual  apertures  at  the 
base  of  the  abdomen  in  the  male  Libellula  are  bj  no  means  such  parts, 
as  we  shall  have  an  opportunity  of  proving  below ;  in  them  also  that 
-aperture  is  found  at  the  end  of  the  abdomen,  in  the  vicinity  of  the 
anus. 

These  vesicular  and  tubular  organs  consist^  like  the  intestinal  canal, 
of  several  divisions,  which,  as  the  general  character  and  function  of  the 
sexual  organs  consist  in  the  secretion  of  fluids,  may  be  distinguished 
as  proper  secreting  organs  (testes  and  ovaria),  conducting  organs  for 
the  secreted  fluids  (vasa  deferentia  and  oviductus),  repositories  for  the 
secreted  fluids  (vesica  seminalis  and  uterus),  and  as  evacuating  organs 
of  the  secreted  material  (ductus  ejaculatorius  and  vagina).  These  main 
divisions  are  found  in  function,  although  frequently  but  little  distin- 
guished in  form  and  figure  from  each  other,  in  all  the  internal  sexual 
organs,  as  will  be  shown  in  the  course  of  our  investigation.  This 
sketch  consequently  comprises  the  most  general  structure  of  these 
organs,  and  it  will  therefore  be  merely  the  individual,  generic,  family, 
and  ordinal  differences  which  will  occupy  us  in  the  course  of  our  inves- 
tigation ;  but  we  will  previously  say  something  about  their  anatomical 
structure. 

§  132. 

The  determination  of  the  structural  relations  of  the  membranes  of  the 
sexual  organs  is  subject  to  many  difliculties,  in  consequence  of  the 
delicacy  and  minuteness  of  these  parts.  It  is  only  in  those  divisions 
which  possess  a  greater  extension  that  it  has  been  possible  to  distin- 
guish the  presence  of  two  layers  of  membrane.  The  exterior  of  these 
two  membranes  is  coarser,  firmer,  and  of  a  muscular  consistency ;  the 
internal  one,  on  the  contrary,  is  more  delicate,  transparent,  simple,  and 
corresponds  with  the  internal  mucous  tunic  of  the  intestinal  canal  or 
the  exterior  epidermis.  The  presence  of  both  the  membranes  in  the 
large  vesicles  is  subject  to  no  doubt ;  they  can  there  be  readily  and 
securely  exhibited  ;  even  in  the  more  delicate  evacuating  ducts  of  the 
secerning  organs  they  are  distinguished  by  the  difference  of  their  con- 
sistence, which  in  the  internal  •  one  is  considerably  less  than  in  the 
external  one.  It  is  more  difficult  to  prove  their  presence  in  the  secerning 
organs  themselve8>  but  J.  Miiller  *  has  shown  them,  at  least  in  tlie 

•  Nd^  AcU  Pbys.  Med.  XII.  2.  PI.  hV. 
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oraries:  bat  it  still  remains  doubtful  whether  the  glandular  testes 
oQQiiit  of  these  two  layersy  whicby  however,  may  be  assumed,  from 
die  timilar  structure  of  analogous  parts* 

§  133. 

The  preceding  observations  apply  with  equal  force  to  aU  sexual 
organs.  But  if  we  contemplate  their  general  form  we  shall  imme- 
diately meet  with  varieties  which  do  not  admit  of  any  further  genendi- 
satioD,  and  this  circumstance  compels  us  in  this  place  to  examine  more 
closely  the  differences  of  form  which  the  sexual  organs  severally 
present. 

Propagation  is,  like  life  in  general,  the  result  of  two  agents  acting 
reciprocally  upon  each  other.  In  the  lowest  forms  of  organisation, 
where  such  a  separation  of  the  animating  activities  shows  itself  less 
perceptibly^  the  propagating  agents  themselves  cannot  either  appear 
teparately,  we  consequently  there  find  simple  germs  susceptible  of 
development.  By  d^ees  an  active  and  a  passive  agent  are  pro- 
duced, both  of  which  are  found  at  first  in  the  same  individual  (snails), 
but  they  soon  separate  into  two  distinct  individuals,  and  thereby 
constitute  the  essential  character  of  such  individuals.  In  the  former, 
luxuriant  energy,  universal  momentum,  and  a  continual  impulse 
towards  the  appeasement  of  internal  urgent  desires;  in  the  latter, 
patient  sufferance,  quiet  reserve,  a  tarrying  for  excitement,  and  an 
ahimate  satisfaction  in  the  discovery,  of  the  deficient  unknown  some- 
thing. The  former  character  is  called  the  malb,  and  the  latter  the 
rxBALB.  But  where  shall  we  find  the  differences  of  these  two 
<^^aracters  more  distinctly  expressed  than  in  the  multiform  insect  world  ? 
The  above  dted  distinction  is  here  found  so  strongly  marked  'that  its 
high  significance  can  no  longer  be  subjected  to  doubt.  We  shall  return 
to  this  subject  in  our  physiological  chapter,  and  it  is  there  only  that 
it  will  find  its  true  place ;  we  can  merely  indicate  it  here  to  enable  us 
to  arrive  at  the  primary  difference  of  the  sexual  organs.  This  we  have 
now  foimd,  we  have  thus  become  acquainted  with  two  kinds,  and  have 
distingnished  them  as  malb  and  femalb. 

§  134. 

The  differeaoes  of  tbe  organs  of  generation  of  both  therefore  lie  based 
^ttply  iathe  eondidona  of  life.  We  necessarily  ask,  how  does  it  become 
crident  to  us?  Anatomically  investigated,  the  character  of  the  female 
it  the  formation  of  the  germs,  that  of  the  male  secretion  of  sperm ; 
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all  organs,  therefore,  which  display  germs  (eggs)  are  female,  and  all* 
which  prepare  spermatic  moisture  must  be  called  male.  The  female 
sexual  organs  of  insects  consequently  display  bags  fiill  of  eggs,  ovaria; 
the  male,  sperm-secreting  vessels  or  glands ;  from  both  originate  the 
above  characterised  closer  or  more  distant  evacuating  ducts,  which  are 
pretty  uniform  in  both  sexes.  We  may  consequently  distinguish  in 
both  female  and  male  organs  diiferent  divisions,  which  are,  however, 
connected  together,  and  which  must  neoessarily  constitute  the  di6Ferent 
divisions  of  our  description  of  the  sexual  organs. 

§  135. 
I.  Of  thb  Fbmale  Organs  of  Generation. 

The  female  sexual  organs  (genitalia  Jeminina)  of  insects  consist  of 
internal  and  external  ones ;  the  internal  ones  of  ovaries,  the  oviduct, 
the  UTERUS,  other  peculiar  appendages,  and  the  vagina  ;  the  exterior 
ones  of  the  orifice  of  the  vagina,  and  its  appendages,  as  the 
ACULEU8,  the  vagina  tubiformiSj  and  the  vagina  rivalvis. 

It  is  not  always  that  all  the  above  named  parts  are  present  together, 
either  one  or  several  are  wanting,  the  ovaries  are  deficient  only  in 
barren,  undeveloped  females  (the  neuter  bees,  &c.),  but  the  evacuating 
ducts  never ;  all  other  appendages  may,  on  the  contrary,  disappear. 

A.  Internal  Sexual  Organs. 

§  136. 

THE   OVARIES. 

The  ovaries  are  tubes  or  bags  in  which  the  eggs  are  secreted  from 
the  formative  substance  of  the  creature,  and  where  they  remain  until 
their  impregnation.  We  always  find  in  insects  two  such  organs  of 
similar  structure  in  the  same  individual ;  they  are  so  placed  that  one 
lies  on  each  side  of  the  intestinal  canal,  generally  filling  the  lateral 
space  in  the  abdomen.  In  colour  they  are  generally  yellow,  but  in 
form  they  are  subject  to  many  varieties,  which,  however,  may  be  classed, 
under  the  following  divisions ; — 

I.  The  ovaries  are  simple  bogs,  in  which  the  germs  of  the  eggs  ar 
contained.     This  primary  form,  which  is  the  most  simple  of  all,  is 
subjected  to  no  subordinate  differences  *. 

*  The  uirariuiii  Mccaium  dewribed  by  J.  MUller  in  Nova  Acta  Phyi.  Med./  too.  zil. 
p.  619t  docs  not  belong  bere,  but  will  bo'claiMd  below,  with  the  ovarium  furcatum,        « 
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Sndi  ovaries  are  found  in  Ephemera  and  Straiiomyt.  Miiller 
calls  this  form  bunches  of  ovaries  {pvaria  racemota  *},  and  supposes 
that  the  exterior;  tunic  of  the  hog,  or  properly  the  hag  itself,  is 
wanting,  the  eggs  being  oonneeted  together  by  means  of  air-vessels ; 
but  Swammerdam's  figure  misled  him  f .  In  a  female  of  Ephemera 
marginaia.  Fab.,  De  Geer,  which  I  dissected,  I  clearly  observed  the 
exterior  tunic,  the  ova  were  contained  within  it,  qgg  being  linked  to 
egg  by  a  delicate  filament.  In  Stratiomys  also  Swammerdam  has  dis-^ 
tinctly  represented  the  bag  %. 

II.  The  short  ovaries,  which  contain  but  few  germs,  are  placed 
longitudinally  npon  a  large,  bag-shaped,  common  ovarium. 

There  are  many  subordinate^differences  of  this  peculiar  form,  which 
we  wiU  hriefiy  indicate. 

1.  OvABiA  pscTiNATA  (PL  XXVII.  f.  2.)  are  short  egg  tubes, 
which  contain  but  few  germs,  and  are  placed  in  a  row  upon  the  upper 
side  of  a  common  duct  (  Manlodea). 

2.  Otaria  bohinata,  common  egg  ducts,  long,  broad,  wider  ante- 
riorly and  suddenly  pointed,  having  beneath  many  very  smaU  scale- 
shaped  egg  tubes,  which  lie  over  each  other  (dragon  flies). 

3.  OvARiA  lUBRiCATA  (PI.  XXVII.  f.  8.).  The  whole  upper  sur- 
face, with  the  exception  of  a  narrow  edge  upon  the  lower  margin,  is 
covered  with  short  tile-shaped  egg- tubes,  which  lie  upon  each  other, 
and  embrace  the  intestine  like  a  roof.  Each  tube  contains  a  large 
developed  ^g  and  behind  it  the  minute  germs  of  two  or  three  others 
(grasshoppers,  crickets,  Phryganea^  Sialis,  Tipula,  Sirex,  &c.). 

4*  OvARiA  BACCATA.  '  The  common  ovarium  is  a  bladder  or  tube 
upon  the  entire  upper  surface  of  which  are  placed  the  short  ^g-tubes, 
generally  containing  but  few  eggs,  (Coleoptera  vesicifica,  each  tube 
with  firom  one  to  four  eggs;  Semblisj  each  with  six  to  nine  eggs). 

5.  OvABiA  DICHOTOMA  (PI.  XXVII.  f  5.  ovariafurcaia,  Miiller). 
The  common  ovarium  is  forked,  and  upon  each  prong,  and  particularly 
upon  their  opposite  sides,  there  are  many  tubes,  containing  hut  few  (3) 
egg  germs  (^Gryllotalpa). 

6.  OvABiA  RAUOSA  (PI.  XXVII.  f.  6.).  The  common  egg  duct 
does  not  simply  furcate,  but  several  branches  are  given  off  one  after 
the  other,  each  of  which  contains  some  egg  germs  {Lepisma). 

•  XoT»  AcU  PhyB.  Med.  p.  601.  11.  f  Bib.  N»iiii«,  PI.  XXV.  f.  h 

t  lb.  PI.  XLVIir.  f.  I. 
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III.  Long  tubular  ovaries^  which  coutain  many  egg  germsy  are  col- 
lected together  at  one  part  of  the  common  duct,  lliese  tubes  are  either 
entirely  free^  and  distinctly  separated  from  each  other  throughout ^their 
whole  course^  or  else  united  together  by  a  loose  cellular  tissue  (for  ex- 
ample,  in  Harpalus  ruficornis), 

1.  Ovarium  spiralb  (PI.  XXVII.  f.  10).  There  is  but  one  egg- 
tube  to  each  ovarium,  but  which  is  very  long,  and  it  is  twisted  spirally 
from  its  apex  to  its  base ;  a  rare  fonn«  which  has  been  observed  only  in 
Sarcopkaga  carnaria  and  some  other  kinds  of  flies. 

2.  OvABiA  FURCATA  (PI.  XXVIL  f.  7*  Ovauu  toccata,  Miill.). 
There  are  but  two  short  ovaria,  containing  indistinct  egg  germs,  and 
whicli  unite  with  the  common  duct  by  means  of  a  fork ;  at  the  point 
of  union  there  is  a  bag  (uterus)  in  which  the  e^  germs  pass  through 
their  changes  until  the  pupa  state  (JDiptera  pupipara  *).  In  PoHsies 
also  there  are  but  two  egg-tubes,  each  of  which  however  contains 
several  eggs. 

3.  OvARiA  DioiTATA  (PI.  XX VII.  f.  8  and  9).  A  few,  from 
THREE  to  FIVE,  such  cgg-tubcs  hang  at  one  spot  of  the  common  duct. 
Many  LepidopUra  (for  example,  Liparis  Mori,  with  four  tubes,  each 
of  which  contains  about  sixty  ^g8)>  particularly  the  smaller  ones  (for 
example.  Tinea,  likewise  with  four  tubes,  each  of  which  contains 
about  twenty«f]ve  eggs ;  and  Picrophorus,  with  .three  tubes,  each 
containing  about  twelve  eggs) ;  and  the  Hymenoplera^  (for  example, 
Chrgsis,  with  thsbb  tubesy  each  with  three  eggs ;  the  same  in  %/o- 
copa  ;  in  Anihidium,  also  three  tubes,  each  with  about  eight  eggs). 
Id  Nepa,  Pediculnt,  and  Pmqcus  there  are  five  tubes,  each  in  the 
latter  genera  containing  five  eggs. 

4.  OvARiA  verticillata  (PI.  XXVII.  f.  11).  Many  very  long 
tubes  originate  at  (me  spot,  upon  the  very  short  common  egg  duct. 
They  run  upwards  in  a  long  filiform  point. 

Such  ovaria  are  found  in  the  majority  of  female  insects,  namely,  in 
most  Lepidoptera,  many  Htfmenopiera,  and  almost  all  CoUopiera. 
Miiller's  ovaria  conjuncta  are  but  a  trifling  variety  of  this  form,  the 
superior  filament  hanging  more  closely  togetho*,  and  .forming  an  inter- 
twisted cord.  The  fertility  of  the  species  regulates  the  number  of  the 
egg-tubes  and  their  turgidity.    Orycles  nasicomu^  Meloloniha,  Celonia, 

*  Leon  Dufour  in  the  Annales  det  Sdenc.  Nat.  torn.  ri.  p.  299,  &c.  According  to  him 
the  oTEria  contain  merely  a  wfaitkh  maaa,  but  no  distinct  egg  germs. 


FSMALB   OBOANS   OF   OSNBBATION.  187 

and  NaUmecta  have  six  tubes^  each  with  from  ^ve  to.  six  eggs ;  Vespa 
vnigaris  and  Sifyka  atraiia  seven  tubes ;  Tenebrw,  Lepiura,  Saperda^ 
Btaiia,  Ascahphuf,  Bombus  terrestris,  from  seven  to  ten  tubes,  each 
with  from  fblir  to  six  ^ggs  ;  Cicindela,  Carabus,  Dyticus,  Staphylinus, 
Hydrophilus,  Cerambyx,  Lamia  tristis  from  ten  to  fifteen  tubes ;  Bu^ 
presiiM  mariana  twenty ;  Biapt  martUaga  thirty,  each  with  four  eggs ; 
ApU  meUifica  above  a  hundred,  each  with  seventeen  eggs. 

5.  OvABiA  CAPiTATA  (PL  XXVII.  f.  12).  They  merely  differ  from 
the  preceding  in  their  short  tubes  not  running  upwards  in  a  point,  but 
which  distend  into  a  large  knob,  whence  the  point  proceeds  as  a  thin 
fiUment  (J^ucanua). 

§  137. 

Tlie  situation  of  these  very  various  ovaria  is  nearly  the  same  in  all 
insects,  for  they  always  lie  laterally  in  the  abdomen  contiguous  to  the 
intestinal  canal,  and  fill  the  whole  remaining  space  of  the  abdominal 
avtfy  not  occupied  by  that  organ.  They  often  lie  free  and  separated 
from  eaeh  other,  but  sometimes  fold  over  from  both  sides  towards  each 
other,  and  thus  form  a  eoverii^  over  the  nutrimental  canal,  containing 
it  betvcen  them.  The  latter  then  forces  itself  into  the  anterior  portion 
of  the  thus  ibnned  longitudinal  canal,  runs  within  it,  and  posteriorly 
it  again  presents  itself,  passing  over  the  common  duct,  which  the  colon 
always  oovefs  above.  Such  approximate  ovaria  are  connected  by  the 
traebes,  which  approach  them  with  their  large  stems,  and  then  accom- 
pany each  of  their  individual  tubes  by  delicate  accessory  branches  to 
their  very  extremity.  There  is  still  another  means  for  retaining  the 
oraria  in  their  place,  which  is  their  communicating  duct  with  the 
dorsal  vessel,  discovered  and  described  by  Job.  MiiUer  *.  Each  indi- 
Tidnal  egg-tube,  or  occasionally  ^he  common  e^  bag,  extends  in  a  thin, 
very  delicate,  but  tolerably  firm  filament,  which  ascends  anteriorly  and 
above  to  the  dorsal  vessel  to  discharge  itself  therein.  This  connexion 
inrariably  takes  place  at  that  portion  of  the  organ  which  we  have 
described  as  the  aorta,  sometimes  at  a  great  distance  from  the  ovarium, 
for  example,  in  the  thorax.  This  kind  of  connexion  is  peculiar  to  the 
ovaries  of  the  third  chief  division,  for  the  connecting  filaments  of  each 
egg-tnbe  unite  in  a  cord,  or  frequently,  prior  to  their  connexion  with 

the  dorsal  vessel,  they  meet  and  form  a  single  short  tube,  for  example, 

• 

*  Nora  ActePhyi.  Med.  n.  c.  toI.  ziL  pwt  ii.  pftge  555,  &c. 
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in  Carabus*.  The  connecting  filaments  of  the  egg-tabes  of  the  second 
class  remain,  at  least  frequently,  separated,  and  discharge  themselves 
singly  into  the  aorta  f .  It  yet  remains  undiscovered  hovr  the  connexion 
is  formed  with  the  vesicular  ovaries,  but  it  is  probable  that  a  single 
duct  passes  from  the  end  of  the  bag  to  the  artery. 

We  shall  treat  of  the  use  of  this  connecting  duct,  which  Muller  has 
so  admirably  represented,  in  our  physiological  division,  where  we  speak 
of  the  development  of  the  eggs. 

§.  138. 

THB   OVIDUCT. 

The  0 VI  DUCTUS,  or  tuba  ovarii,  is  that  portion  of  the  evacuating  duct 
of  eggs  which  extends  from  the  ovarium  to  the  connexion  of  the  two  ova- 
ries in  the  common  evacuating  duct.  It  is  a  delicate  long  or  short  tube, 
sometimes  thin  and  filiform,  or  broader  and  vesicular,  and  when  so  it  has 
a  thicker  muscular  structure  (^Semblis),  It  is  rarely  that  each  oviduct 
is  supplied  with  peculiar  glandular  appendages  which  secrete  a  gluten 
to  spread  over  the  ^gs,  by  means  of  which  they  are  glued  together. 
In  Hydropkilusy  which  has  four  such  appendages  attached  to  each  side 
of  the  oviduct,  they  are  filamentary,  gradually  decreasing,  blind  canals, 
and  have  a  granulated  glandular  appearance,  and  are  doubtlessly 
glands,  and  most  probably  secrete  the  material  frt^m  which  the  finnale 
prepares  the  glutinous  mass  enclosing  the  eggs ;  but  where  such  ap- 
pendages are  wanting  this  takes  place  in  the  vagina,  or  in  the  duct  com- 
mon to  both  ovaries,  which  is  then  supplied  with  peculiar  appendages 
for  this  purpose. 

In  general  the  oviduct  is  longer  in  small  ovaries  which  contain  but 
few  egg  germs,  shorter,  on  the  contrary,  in  lai^r  ones  rich  in  germs ; 
but  their  dimensions  are  regulated  by  the  age  of  the  insect ;  long  ducts 
are  found  in  young  individuals,  and  they  become  shorter  in  older  ones 
which  are  ready  for  impregnation,  or  already  impregnated. 

§  139. 

That  portion  of  the  duct  of  the  ovaries  which  extends  from  the 
union  of  the  tubes  to  the  orifice  of  the  spermatheca  is  called  the  egg- 
canal.  It  is  generally  of  greater  compass  than  the  oviduct  and 
distends  into  a  belly  in  the  middle,  forming  a  convenient  cavity  for 
the  reeeption^of  the  eg^.    But  no  other  object  attends  this  reception 

♦  Nova  Acta  Phyi.  Med.  n.  c.  PI.  LI.  f.  3.  f  lb-  PI-  I'-  f-  2. 
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than  their  mere  passage^  for  the  impregnation  of  the  egg,  as  we  shall 
see  below  (§  206),  does  not  take  place  here,  but  probably  at  the  end 
of  the  egg-tabe,  at  least  its  development  commences  there.  In  those 
instances  only  in  which  this  portion  of  the  female  organs  is  provided 
with  appendages  which  secrete  a  gluten  do  the  eggs  remain  somewhat 
longer  in  this  common  duct  to  be  covered  by  the  secretion  of  those 
glands,  that  they  may  be  thereby  fixed  as  with  a  gum  to  the  leaves  of 
plants  and  other  objects.  Consequently  this  portion  of  the  sexual 
organ  is  nothing  more  than  a  canal,  and  we  must  ascribe  as  well 
to  insects  as  to  many  other  inferior  animals  a  uterus  bicomis; 
indeed  in  the  majority  of  cases,  particularly  those  which  possess  ovaries 
having  many  ^^-tubes,  a  uterus  multioornis,  for  at  the  end  of  the  egg- 
tube  the  development  of  the  egg  commences,  and  here  consequently  also 
its  impregnation  by  the  semen  ensues. 

§  140. 

APPBNOAOB8   TO   THB   BOO-CANAL. 

The  ^g-duct  is  most  rarely  a  simple  organ  unprovided  with  vesicular 
or  vascular  auxiliary  cavities,  as,  for  example,  in  Donada,  ErUtalU 
tenax,  Musca,  Tipula,  Ephemera  (PI.  XXVII.  f.  13) ;  in  the  majority 
of  iosects,  on  the  contrary,  it  exhibits  various  appendages  which  take  a 
variety  of  forms,  and  exercise  different  functions. 

These  appendages  vary  in  number  from  one  to  five.  If  one  only  be 
present  it  is  always  a  vesicular  or  purse-shaped  distension  of  the  duct, 
which  appears  destined  to  the  reception  of  the  male  semen  during  copu- 
lation, and  is  thence  called  the  spbrmathbca.  This  organ  is  always 
situated  at  the  superior  parietes  of  the  duct,  and  opens  into  it  with  a 
small  orifice  surrounded  by  a  callous  margin.  This  mai^n  is  properly 
the  sphincter  of  the  neck  of  the  bag,  which  prevents  the  escape  of  the 
semen.  When  it  opens  the  semen  flows  immediately  into  the  duct 
from  the  mere  sitnation  of  the  bag.  According  to  Audouin,  the  male 
oi^an  during  copulation  passes  into  the  orifice  of  this  bag,  and  thus 
pours  the  semen  directly  into  this  receptacle.  We  find  this  kind  of 
simple  vesicular  appendage  in  Acheta,  Blaita,  Anihidium  (PI.  XXVII. 
1 14.),  Ascalaphus,  Sialis,  Semhlis,  Psocus,  and  Nepa  ;  the  same  in 
Hydropkiius,  Tenebrio,  Lyita,  and  Chrysis,  but  in  the  latter  it  has  a 
superior  or  lateral  vascular  apex  (PI.  XXVII.  f.  15.),  which  is  evi- 
dently the  organ  we  shall  presently  describe  as  the  gluten  gland.  Is 
general,  namely,  this  vessel  discharges  itself  into  the  duct  contiguously 
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to  the  spermatheca,  yet  in  the  instances  named  above  not,  but  into  the 
spermatheca  itself.  It  is  somewhat  similar  in  Psocus,  for  here  the 
gluten  vessel  does  not  merely  discharge  itself  into  the  spermatheca,  but 
lies  entirely  in  it.  For  thus  I  interpret  the  purse-shaped  appendage 
found  by  Nitzsch  *  in  Ps,  puUaioriuSi  in  which  from  one  to  four  pedi- 
culated  knobs  are  enclosed  which  unite  into  one  duct>  which  runs  into 
the  excretory  duct  of  the  spermatheca. 

If  TWO  appendages  are  found  at  the  duct  it  must  be  carefully 
observed  whether  they  are  symmetrical  in  situation  and  form  or  not. 
Two  dissimilar  appendages  are  found  in  most  insects^  (namely^  the 
genera  Carabus,  Harpalus,  Melotaniha,  Lucarnu,  Meloe,  Spondyla, 
Sirex,  Apis,  Xylocopa,  Tinea,  Pterophorus,  and  Ceroopis),  The  one 
is  larger  and  broader  than  the  other,  purse-shaped,  and  corresponds 
both  in  situation  and  function  with  the  just  described  spermatheca. 
In  Melolontha  (PI.  XXVII.  f.  16.  a),  Lucanus,  Spandyla,  and  C<t- 
copis  it  is  a  short-necked  pear-shaped  bladder;  in  Pterophorus  the 
same,  but  a  short  blind  bag  springs  from  it  laterally  ;  in  Xylocopa  (PL 
XXVII.  f.  17*  a)>  Apis,  and  Tinea  it  has  a  longer  very  narrow  neck ; 
in  Trichius  a  superior  vascular  appendage ;  in  Sirex  (PI.  XXVII.  f« 
18.  a),  in  which  it  is  very  large,  at  the  part  where  the  bladder  con- 
tracts into  a  neck,  two  tolerably  long,  pointed  appendages  are  found  ; 
in  Meloe  it  is  constricted  near  the  middle,  and  the  lower  smaller  half 
has  a  round  auxiliary  bladder,  which  discharges  itself  into  it  by  a  nar- 
row canal. 

Tlie  second  appendage  (PL  XXVII.  f.  16— -18.  6.)  is  in  general 
much  longer,  but  also  thinner  and  vascular.  This  form  itself,  which 
is  common  to  all  the  secreting  organs  of  insects,  bespeaks  its  glandular 
function.  Observation  has  also  taught  us  that  a  white  glutinous  liquid 
is  secreted  in  this  organ,  which,  after  the  eggs  are  laid,  disappears* 
This  gluten  likewise  covers  the  impregnated  eggs,  and  it  is  very  pro- 
bably what  fastens  them  together,  as  well  as  to  other  objects ;  conse- 
quently all  appendages  which  are  not  spermathecae  are  called  gluten 
glands  or  vessels.  With  respect  to  their  form,  besides  the  simple^ 
tubular,  and  vascular  form  which  acre  found  in  Tricfdus^  Tinea,  and 
Cercopis,  there  is  a  clavate  one  found  in  Mdolon^,  and  a  vesi- 
cular one  furnished  with  a  short  neck  in  Meloe,  In  Xylocopa  it  is  a 
long  graduaUy  decreasing  hag,  which  discharges  itself  hj  a  very 

*  Compan  Germar't  Magaz.  toI.  iv.  p.  281.  PL  II.  f.  3.  e.  f.  fig.  4  and  5. 
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narrow  tubular  pedicle  into  the  uterus ;  in  Harpalus  and  SjHtndtfla,  on 
the  contrary,  it  is  a  round  bladder,  which  has  a  very  longj  twisted,  fine 
duct,  and  which  in  Spondyla  contains  a  hard  homy  interior ;  in  Ptero^ 
phortu  the  vessel  distends  before  its  orifice  into  an  ovate  bladder ;  and 
in  Lucanus  (PI.  XXVIII.  f.  1.  b,  6)  there  are  two  such  bladders, 
which  unite  by  means  of  two  short  ducts  into  a  common  one,  and 
originate  from  very  fine,  short,  twisted  vessels,  by  their  distension* 
The  form  of  these  organs,  lastly,  is  very  peculiar  in  Elater  murinus,  in 
which,  according  to  Leon  Dufour,  they  are  vessels  successively  furcat- 
ing, which  at  the  base  of  each  fork  distend  into  a  triangular  bag.  The 
symmetrical  appendages  in  Hippobosca  resemble  these,  but  the  bag* 
shaped  distensions  are  wanting. 

Where  the  duct  has  two  symmetrical  appendages,  as  la  Lepisma 
(PL  XXVIII.  f.  3.),  Musca,  and  Pedkulut  they  are  always  gluten 
depositoiies ;  in  Lepisma  tliey  are  large  and  bag-flhaped«  and  upon 
the  upper  surface  here  and  there  constricted ;  in  Musca  longer  and 
davate ;  but  in  Pedicuius,  on  the  contrary,  they  are  two  short  blind 
bags,  provided  with  accessory  points. 

We  find  three  appendages  in  Gryllotaipa,  Cahsotna,  and  Stra^ 
iiofmfs.  In  the  first  instances  two  of  them  are  equal,  namely, 
ckvate  or  vesicular  gluten  vessels,  which  empty  themselves  into  the 
duct  by  means  of  narrow  canals ;  the  third,  on  the  contrary,  is  the 
bog-shaped  spermatheca,  which  in  Gryllolalpa  has  another  superior, 
long,  vasclllar  appendage.  In  SlraHomys  Swammerdamm  *  found 
three  long,  vascular,  gluten  ducts,  which  originated  from  round  gland- 
ular bodies. 

Four  appendages  are  seen  in  some  Lepidopteroy  for  example,  Pontia 
Brassicas.  The  most  anterior  one  is  a  simple,  tolerably  long,  twisted 
vessel,  which  in  others  ( Gastrophaga  Pini,  see  further  below)  consists  of 
two  furcate  branches;  the  second  is  the  spermatheca ;  the  following  are 
again  long  twisted  vessels,  which  unite  in  a  short  duct  after  they  have 
previously  distended  in  two  oval  bladders.  In  Cicada,  Latr.  (Te/<f- 
gonia.  Fab.),  in  which  there  are  also  four  appendages,  two  symmetrical 
vessels  are  found  in  front  of  the  spermatheca,  but  the  vessel  behind  it 
is  simple  but  much  longer  than  the  two  first. 

Five  appendages,  lastly,  axe  found  in  several,  particularly  the  Noctum, 
A  bladder-shaped,  one-sided,  sometimes  long  «nd  davate,  or  distended 

•  Bib.  NatuHB,  PI.  XLII.  f.  8. 
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and  egg  or  pear-shaped  one,  which  dischar^s  itself  into  the  duct  by  a 
narrow  canal,  is  the  spermatheca;  the  other  four  are  vascular  gluten 
glands.  In  Vanessa  Urtica  they  are  short,  the  anterior  one  broader 
than  the  posterior,  both  discharge  themselves  into  the  duct  at  one  part 
but  at  opposite  sides,  before  the  spermatheca ;  in  Gasirapkaga  Pint 
(PI.  XXVIII.  f.  4.)  they  are  very  long,  and  the  anterior  as  well  as  the 
posterior  unite  into  a  simple  but  very  short  canal.  The  anterior  one, 
which  discharges  itself  close  in  front  of  the  spermatheca,  is  distended 
in  the  middle  into  a  bladder ;  in  the  posterior  ones,  which  discharge 
themselves  into  the  vagina,  this  vesicular  distension  takes  place  at  the 
end  of  each  single  tube  before  they  unite  into  a  common  duct. 

The  poison  vessels  of  the  Hymenopiera  aculeaia  are  appendages  of  a 
peculiar  description.  In  them  a  round,  perfectly  ovate  bladder  (PI. 
XXVIII.  f.  6,  6.  6,  6),  with  a  narrow  duct,  discharges  itself  into  the 
sting,  which  we  shall  describe  below  (§  145).  This  bladder  lies  quite 
at  the  end  of  the  abdomen  close  to  the  orifice  of  the  sexual  organs.  It 
contains  a  bright  clear  fluid  which  is  secreted  by  two  either  long  very 
fine,  much  twisted  vessels,  or  of  shorter  ones,  originating  from  a  fasci* 
cuius  of  furcate  vessels  (JPwnpilus  *),  which  opposite  the  orifice  sink 
into  the  bladder,  and  either  separated  as  far  as  their  orifice,  as  in 
Vespa  crebro  (PL  XXVIII.  f.  6.  a,  a),  or  as  in  Jpis  tnellifica  (f.  5. 
a,  a),  are  united  into  one  vessel,  a  little  distance  before  the  connexion 
with  the  bladder.  May  not  the  posterior  vessels  of  the  Lepidoptera, 
which  we  have  just  described,  be  analogous  to  these,  and  both  be  pro* 
perly  considered  as  organs  secreting  urine  ? 

§  141. 

THB   VAGINA. 

The  last  portion  of  the  common  evacuating  duct  lying  behind  the 
egg-evacuating  duct  is  called  the  vagina.  It  is  a  short  direct  tube, 
narrower  than  the  ^;g  canal  but  wider  than  the  oviduct.  Its  function 
being  to  receive  the  penis  of  the  male  and  to  assist  in  depositing  the 
eggs,  it  is,  like  all  the  other  organs  of  insects  which  require  constant 
distension,  held  in  this  state  by  homy  leaves  and  ridges.  There  are 
generally  three  such  homy  plates,  one  above,  one  lateral,  and  one  be- 
neath. In  Harpalu!9  the  superior  plate  is  a  thin  bone,  which  towards 
the  exterior  distends  in  the  shape  of  a  shovel,  and  is  there  armed  with 

*  Ramdohr^  YerdauungBorgiuie,  PI.  XlV.  f.  5. 
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Strong  thorns ;  in  the  caprioom  beetles  (Cerambycina)  it  is  elongated 
into  a  hamj,  manj-jointed  ovipositor.  In  Hydrophilus  it  runs  oat 
on  each  side  into  a  homy  point,  which  Snckow*  considers  as  the 
analogue  of  the  clitoris.  In  Melohntha  the  vagina  has  on  each  side  a 
small  pocket,  into  which  the  lateral  wings  of  the  penis  pass  during  oo« 
pulation,  which  explains  the  cause  of  the  protracted  union  of  this  insect. 
In  all  insects  provided  with  an  aculeus  or  an  ovipositor,  the  vagina 
opens  at  its  base,  so  that  its  canal  passes  directly  into  that  of  the  ovi^ 
positor.  llie  valves  and  spines,  of  this  apparatus  are  consequently 
nothing  more  than  the  homy  bone  which  lies  within  the  vagina,  and 
whieh  is  then  prolonged  beyond  it. 

B.    EXTBRNAL   SbXUAL   OrOAMS. 

§  142. 

The  external  sexual  organs  of  insects  do  not  always  project  beyond 
the  apex  of  the  abdomen,  but  usually  lie  in  the  cavity  into  which  the 
srifice  of  the  anus  and  of  the  vagina  open.  This  cavity,  common  to 
both,  is  formed  of  two  valves,  the  one  larger,  lying  upon  the  dorsal  side, 
and  the  other  smaller,  upon  the  ventral  side,  and  beyond  which  the 
ftrmer  projects  all  round.  These  two  valves,  which  are  not  visible 
exteriorly,  but  are  enclosed  by  the  dorsal  and  ventral  plates  of  the  last 
abdominal  segment,  are  evidently  nothing  but  the  last  segment  itself, 
those  called  the  last  being  the  last  but  one.  It  is  only  thus  that  we  can 
explain  the  disappearance  of  the  segments  of  the  larva  in  the  perfect  in- 
sect, in  which  we  shall  also  generally  discover  nine  segments  if  we  include 
the  last  concealed  one.  But  where  there  are  nine  visible  segments 
the  last  is  not  then  concealed,  but  free.  It  is  within  this  last  abdominal 
segment,  whedier  it  be  concealed  or  free,  that  the  orifice  of  the  vagina  is 
Sofuod,  and  indeed,  beneath  the  anus,  divided  from*  it  only  by  a  projecting 
plate,  llie  entrance  itself  is  opened,  mostly  by  homy  substances,  which 
hove  partly  been  described  in  the  preceding  paragraph  in  the  description 
of  the  vagina.  The  lateral  homy  ridges,  namely,  become  more  elongate, 
ao  that  they  project  as  far  as  the  limits  of  the  valves,  gradually 
separating,  and  thus  forming  a  spacious  entrance.  The  length  of  the 
vagina  depends  upon  that  of  these  homy  ridges ;  they  are  short  in  the 
Carabodea,  and  often  armed  at  their  apex  with  a  strong  hook  (Par^ 

*  HentiDg.  2SeU«chr.  toI.  ii.  p.  254. 
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palm  rufioomis)^  which  doubtlessly  reiainft  the  penis  during  oopuktkwk 
In  the  capnooru  beetles  unprovided  with  ao  ovipositor  (the  Prumoeka) 
they  are  long,  superiorly  broader>  pointed  towards  Ihe  apes,  and  gantlf 
beuding  from  each  other.  There  are  other  forms  in  other  insects.  In 
the  orders  possessing  an  ovipositor  they  appear  as  its  valves,  or  as  ita 
wings  in  those  which  possess  only  a  vagina  bivalvis,  this  leads  ns  to  the 
investigation  of  the  free  sexual  <u:gans  whsoh  pnjeet  beyond  the  apex 
of  the  abdomen. 

§  143. 

The  free,  exteriorly  visible,  sexual  oigans  of  female  insects  are  of  n 
threefold  description,  at  least  three  chief  forms  entomologists  have  dis* 
tinguished  by  peculiar  names,  namely,  the  laying  tubs  (vagina  iuhi^ 
formis),  the  laying  sheath  (vagina  bivalvis)^  and  the  aculeus, 
called  also  the  tbbbbra,  but  which  is  one  and  the  same  organ  with  the 
preceding. 

The  LAYING  TUBE  (vogina  iubiformiB,  PL  XXIV.  f.  14.)  is  a  mero 
continuation  of  the  abdomen,  and  consists,  like  it,  of  rings  which  gra- 
dually decrease  in  compass,  so  that  the  largest  and  first,  emctly  as  is 
the  case  in  the  tdescope,  receives  within  it  all  the  rest,  what  this  orgaa 
is  withdrawn  within  the  abdomen,  wherein  it  lies  concealed.  These 
rings  are  nothing  else  than  segments  of  the  abdomen  itself,  which  havia 
adopted  this  altered  shape  and  function  in  the  course  of  the  progressiv« 
alteration  of  the  relations  of  organisation.  The  proof  that  thia  opinioA 
is  correct  is  shown  in  their  number,  for  in  the  mBfority  of  cases  (for 
example,  in  the  Dies,)  there  are  nine  sbdonunal  segnentSy  when  these 
rings  of  the  vagina  are  added  to  the  visible  ones  of  the  abdomen.  The 
anal  aperture  also  lies  in  this  tube,  which  could  not  be  the  ease  if  it 
were  merely  an  ovipositor.  Thence,  therefore,  the  last  of  these  tubes 
only  can  interest  us  here,  from  its  containing  the  female  organs.  la 
Ctramh^x  it  is  a  leathery  canal,  of  wUch  t^at  side  nearest  the  venter 
h  supported  by  two  homy  ridges ;  at  the  end  of  each  bone  there  is  a 
short  two-jointed  process,  the  iirst  joint  of  which  is  large,  thick,  bulb- 
ous, and  armed  on  the  exterior  with  short  spines ;  the  second,  however^ 
is  small  and  rovnd,  and  has  two  stiff  setee  at  its  extrenity.  In  the 
flies,  which  sdl  possess  a  tubiform  vagina,  its  last  joint  has  above  a 
homy  plate,  to  which  also  two  short  singlB-jstiited,  hook-shaped, 
crooked  processes  hang  attached.  The  tubiform  vagina  of  the  ruby 
tails  (Chrysis)  appears,  as  far  as  I  have  been  able  to  ascertain  from 
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dry  ipeeiiaeBS/to  ba^  precisely  the  iaue  strttctura,  onlj  that  in  tkeee^ 
as  well  es  ifl  the  ilie%  each  ring  has  its  homy  onreriiig,  whioh  are  con- 
nedad  tagether  by  membnuioiia  pavto* 

§144. 

The  ^AOTKA  BivALVfs  18  most  closely  related  to  the  vagina  iubu 
finms.  It  is  ftttnd  in  the  Orikopiera,  some  Neuropiera  (Rapkidia), 
and  the  Ttpularia.  In  its  nost  eonpiele  derelopment  it  is  a  sabre- 
ibaped  tobe,  which  canres  npwards^  into  whl^  the  vagina  opens,  and 
it  is  fbnned  of  two  valTcs  (Locusia,  PI.  XXIV.  f.  10 — 14.)  I  cooaider 
tbese  two  valTCS  as  the  two  lateral  homy  leaves  mentioned  above  in  the 
doeription  of  the  orifice  of  the  vagina^  and  which  here  are  prolonged 
and  now  take  the  fbrm  of  valves  to  that  organ.  The  internal  valves 
eorrespooding  with  the  last  abdominal  s^ment  become  also  visible,  and 
Here  appear  as  the  cover  both  above  and  below  (f,  10.  a^  b,)  at  the  base 
of  the  vagina  bivalvis  itself.  AH  Orthopttra,  consequently^  have  nine 
distinctly  visible  abdomind  segments.  In  Locusia  this  vagina  is  long, 
wnetinies  indeed  (Locus,  viridissima)  even  longer  than  the  body«  each 
Tslfe  is  gently  Blc^ied,  and  has  a  channel  upon  its  exterior  surface  which 
projects  internally  as  an  elevated-  ridge.  At  the  base  it  is  covered' 
beneath  by  the  last  deeply  emarginate  ventral  8^;ment,  above  it  lies 
tbe  anvs,  and  condgnons  to  it  two  shorty  simple,  spinous  processes. 
Between  the  two  larger  valves  there  are  two  smaller  ones  (f.  12  and  14. 
di  b,)  whidi  are  connected  by  a  delicate  membrane  with  the  internal 
elevated  ridge>  and  sometimes  lose  themselves  in  this  or  remain  sepa- 
nted  from  it.  Frequently  the  apex  of  the  exterior  vagina  is  split  at 
Ae  channel,  when  the  exterior  sheath  appears,  at  least  at  its  end,  to 
onsist  of  four  pieces  *.  In  Gryllus,  instead  of  this  projecting  vagina 
ve  observe  four  short  thick  processes,  the  lower  ones  of  which  are 
moveable,  and  form  one  articulation  with  the  superior  ones  tliat  are 
closely  attached  to  the  abdominal  cover.  From  the  superior,  stronger, 
tbidEer  ones  thus  intimately  connected  two  piTocesses  are  continued 
withm  the  abdomen,  and  to  which  are  attached  the  muscles  moving 
^  lower  ones ;  the  oriiloe  of  the  vagina  lies  between  the  lower  ones, 
md  the  anna  above  the  superior  ones.     We  may  make  the  following 

*  Kiiby  tod  Spenoe,  Introd.  to  Ent,  toI.  iv.  p.  152.,  mration  vx  piecM,  but  I  havo 
*««vr  olMived  in  eiir  in^genout  Xioeoflts  any  bat  the  ttrttctore  described  aboye,  and  never 
uAvidedfieeec 
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ccmtpnrifton  betiveen  this  organ  and  that  of  Locusia,  the  lower  moveilMe 
procestses  are  analogous  to  the  two  valves  of  the  vagina  bSvalvis,  the 
•aperior  ones  however  to  the  spinous  processes  contiguous  to  the  anna, 
but  with  this  difference,  that  in  Locusta  these  processes  are  articulated 
to  tile  horny  piece  which  bears  them,  and  which  lies  between  the 
orifice  of  the  vagina  and  the  anus ;  in  Gryilus,  on  the  contrary,  tibt 
superior  processes  form  an  integral  portion  of  that  homy  piece.  Ackeim 
agrees  in  structure  with  Locusia,  but  its  vagina  is  more  delicately . 
constructed;  the  anal  processes  are  Imiger,  and  at  their  apex  appaorently 
jointed. 

The  female  Tipula  have  likewise  a  bivalve  vagina  whicb  very  mndtk 
agrees  in  structure  with  that  of  Gryltujt.  In  Cienopktrra  airata,  two 
pointed,  long,  and  sabre-shaped  processes  originate  aboi^  firom  tile  ksi 
dorsal  plate,  and  bend  from  the  sides  towards  each  otiier,  formhig  a 
bivalved  vagina.  They  correspcHid  to  the  superior  immoveable  proceasea 
of  Gryllut  or  the  moveable  processes  of  LocmIa.  Beneath  this  kat 
dorsal  plate>  and  consequentiy  between  the  valves,  the  anas  is  placed* 
A  triangular  fleshy  process  encompassed  by  a  delicate  horny  margm 
separates  it  from  the  orifice  of  the  vagina  lying  beneath  it.  It  ala» 
has  on  each  side  two  processes  of  the  last  ventral  plate,  which  are 
above  shorter,  broader,  inwardly  arcuate,  and  gently  bowed  extemaU^. 
These  two  valves  form  the  true  vagina,  and  therefore  correspond  to  the 
inferior  processes  in  Grylius  and  the  kmg  vaginal  valves  in  LocmtUu 
In  a  state  of  repose  they  lie  concealed  between  the  superior  or  anal 
prooene^  and  all  four  appear  to  form  a  bodkin-shaped  process. 

The  TKRBBRA,  or  ACULBUs,  is  found  in  all  the  Hymehopitra  and 
in  the  Cieaiarta. 

With  respect  to  the  aculeus  of  the  Hymenopiera,  alihougti  it  has 
been  occasionally  tolerably  weU  explained  by  the  earliest  eift^midogieW, 
it  has  not  always  been  reoogniaed  by  modern  ones,  and  therefore  fi^ 
qoently  imperfeetiy  described.  This  laet  is  the  more  stitidng  Mr -ft 
has  actoally  nearly  tiie  same  stmcture  in  its  essential  parts  in  all' tile 
fuBilics,  and  is  merely  saliject  to  sl^ht  dSIFerences  ^  fbnn.  For  lii^ 
present  we  will  pass  these  over,  sad  proceed  to  examine  htfessentiiipatti. 

The  chief  character  in  which  the  terebra  is  disttngiiiflbed  i^attlite 
vagina  bianalvis  is  the  presence  of  a  second,  pointed  boring  organ  lj^a(E 
between  the  valves.    This  fuller  development  ctf  it  is  not  fonndiit  Ihto 
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bivalfdt^  but  it  u  indicated  in  the  ahorter  internal  valves^  ivjbich 
inJdieuslavmdisrima  are  united  to.  the  larger  onea.by  membrane^  but 
in  other  instances  they  are  found  free  and  separale.  The  terehra 
of  the  TetUkredos  is  an  intermediate  fonn ;  it,  consequently,  does 
not  pierce  firm  aubstanoesj.  but  merely  guides  the  eggs  into  already 
^yjatiia^  oayities ;  but  the  acoleus  forms  the  cavi^  itself  for  the  egg^ 
fiieffoes  into  bodies  not  firmer  than  itself,  and  as  a  defensive  instrument 
it  wounds  very  severely.  We  may  therefore  distinguish  the  bxtsbiob 
aOBJifni  (vagma  aeulci)  and  the  inner  qtikq  (aculeu^,  seu  lerehra)  as 
the  chief  parts  of  this  kind  of  ovipositor ;  we  will  first  turn  our  atten- 
tioii  to  the  sheath. 

We  -have  bat  little  to  say  of  the  exterior  sheath,  for  its  differences 
wm  ttAimportanU  It  always  consists  of  two  valves  (PI.  XXIII.  f.6. 
A>  «)>  winch  sEre  united  by  articuhition  with  the  dorsal,  plate  of  the  last 
obdopiiiyU  s^Dienti  by  which  it  is  partially  covered  above ;  the  ventral 
llblte  then  covers  it  from  below.  They  are  as.  long  as  the  sting  itself, 
and  Jying  together  form  a  tube*  in  which  the  latter  is  completely  con* 
0eided«  .  If  die  sting  project  beyond  the  apex  of  the  abdomen  they 
MQompany  it.  A  thus  projecting  sting  (aculetu  tx9eriuM)  LAtretUe 
oallft  a  terebra,  But  when  the  sting  lies  concealed  within  the  abdomen 
(as  far  examide,  in  the  beeib)  the  valves  are  theire  aLio,  and  they  embrace 
the  coooedbd  sting  (j^cukui  abscondilus)  precisely  in  the  same  way 
no  the  exserted  oq9'  The  exterior,  upper  surface  of  the  sheath  is 
genendly-roo^  and  unaveuj  particularly  in  the  projecting  aculeus, 
nnd  entirely,  covered  with  short  hair;  the  edges  are  simple,  smooth, 
and  fit  closely  together. 

The  internal  sting  is  differently  formed  according  to  the  peculiarity 
o£its  fonctioA. 

In  the  Tenthredonodea  it  diverges  most  in  form.  In  these  it  should 
not  pr«|ierly  be  called  a.stiag«  but  a  saw,  and  indeed  earlier  entomologists 
h$^  compared  it  with  this  tool.  .  It  consists  (PL  XXIV«  f.  8L)^  liht 
.ttie  sheath,  of  two  valves  (a,  aj  and  b,  6),  between  which  at  their  base 
^eie  lice. a  short  triangular  process  (c).  Each  internal r  "v^dve  has  the 
sg^meilbrm  as.  the  sheath  enclosing  it,  but  it  is  smaller,  so  that  it  can.be 
entir^  embraced  by:  it.  The  inferior  edge  of  the  inner  valve  is  finely 
toolhed  (PI.  XXIV.  f«.9.  a),  very,  sharp  and  narrow,,  inwardly  sepa- 
mted  by  a  projecting  line  £rom  the  remaining  very  smooth  surfiEuse  of 
4he.  valve. .  The  exterior  has  likewise  a  corresponding  projecting  ridge 
(the  same,  b,  6},  whidi,  like  ;the  ridge,  is  finely  and  sharply  toothed;; 
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rdsed  lines  run  oyer  the  whole  of  this  sur&oe  from  tooth  to  tooth, 
and  from  the  elevated  ridge  to  the  soporior  edge^  which  makes  the 
whole  exterior  surfaoe  even,  and  giTes  it  the  appearance  of  a  fine  file. 
With  this  saw-like  apparatus  the  Tenthredo  cuts  the  substance  of 
leaves^  letting  an  egg  drop  in>  which  is  there  deteloped  that  it  may 
subsequently  feed  upon  it.  The  short  triangular  process  forms 
inerely  a  key-stone  to  the  margins,  gaping  at  the  base,  and  is  of  no 
importance  to  the  function  of  the  organ ;  but  it  is  necessary  to  men^ 
tion  it,  as  it  is  of  great  consequence  in  the  structure  of  the  sting  in  the 
rest  of  the  Hj/menopiera, 

If  we  examine  the  projecting  sting  of  the  Ichneumont,  far  example, 
Pimpla  (PL  XXIII.  f.  12-14.),  we  first  observe  the  two  exterior 
valves,  (f.  14.  a,  a,)  and  between  them,  a  fine  horny  sting  which  is  a 
little  dilated  at  its  extremity  (f.  12.).  This  sting  was  long  considered 
simple,  and  even  Gravenhorst,  in  his  monograph  of  the  European  Idi- 
neumons,  describes  it  so  *.  But  it  also  is  double ;  the  upper  part 
(f.  13.  a.  and  12.  a,)  is  dianneUed  beneath,  completely  smooth,  and 
only  at  its  broader  point  beset  with  sm411  teeth ;  the  lower  (the  some, 
h,)  mudi  finer  portion  is  a  hair-shaped  very  pointed  bristle,  which  lies 
within  the  channel  of  the  superior  one;  this  also  is  broader  in  firoot  and 
lancet-shaped,  and  fits  into  a  cavity  of  the  upper  part  of  its  own  shape. 
There  is  thus  truly  a  passage  in  the  aculeus,  but  so  narrow  an  one  tiiat 
no  egg  can  pAss  down  it,  and  in  this  cavity  how  should  it  move  along  ? 
The  egg  merely  slides  down  the  superior  diannel,  and  is  secufed  and 
pushed  on  by  the  inferior  brielle  pressing  against  the  channel  firom  the 
base  towards  the  apex,  pushing  the  egg  above  it.  But,  to  refer  this 
structure  back  to  that  described  in  the  saw-fiies,  we  Inust  conceive  the 
two  internal  valves  as  united  in  the  superior  simple  half  tube,  ahd 
the  bristle  as  the  elongation  of  the  central  process  at  tiie  base  of  the 
valves. 

Its  structure  is  still  more  artificial  in  Sirex  and  the  Bees*  In  Sires 
(PI.  XXIIL  fig.  5-^11),  in  which  the  sting  projeicts,  we  find  likewise 
the  exterior  valves  (a,  a)  and  the  central  aCuleus  (6).  This  again 
consists  of  the  superior  channel  (c,  c,)  and  the  bristle  lying  widiin  it> 
which  is  here  double.  (d,d.)  All  tliree  are  dilated  at  their  end  (f.  7)>  tlie 
channel  is  split,  and  that  portion  as  wdl  as  die  bristle  upon  its  entire 

*  Ichnenmonologia  Europaa,  torn.  i.  p.  89.  "  Hoc  tete  terelm  eft,  «t  csniii  c6ntim!i 
IttoSittt^nali  initructa  ette  dicitur,  per  qneni  ova  poDerantur.** 
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■utfgin  beset  with  short  serrated  teeth  (f.  9  and  10).  That  the  bee's 
sting  is  similarly  formed^  although  it  lies  in  the  abdomen>  Is  shown  in 
Swammerdamm's  figure  *.  LatreiUe  cites  the  true  aculeus  in  Sirex 
as  doublets  but  personal  investigation  will  readily  convince  of  his 
error  and  the  ctfrectneu  of  our  representation.  The  spirally  twisted 
aeoleus  of  Cynip^  (PI.  XXIII.  f.  15*-^18)4  according  to  the  opinion  of 
eaxiy  entomologiflts,  vis.  of  Roesel,  differs  in  structure  from  that  of  the 
bee's  only  in  that  its  apex^  which  is  covered  by  valves  beset  with  hair, 
projects  above  the  abdomen.  Its  supposed  spiral  twisting  consists  in 
its  base  being  somewhat  bent ;  the  point  however  somewhat  sinks,  so 
that  it  represents  the  figure  of  an  S.  (f.  16.  a  section ;  a,  a,  the  valves ; 
b,  b,  the  two  exterior  sets  lying  in  it ;  c,  the  central  one). 

The  description  of  the  aculeus  of  the  Cicada  still  remains.  Its  form 
in  C.  Fraxini  is  as  follows :  the  lai^  triangular  dorsal  plate  of  the  last 
abdominal  segment  (PL  XXIV.  f.  1.  a.),  which  at  its  apex  is  bent 
down,  covers  from  above  the  two  double-jointed  sheaths  (the  same,  b. 
and  c).  Both  joints  are  connected  together  by  a  soft  membrane  ;  the 
basal  joint  (f.  2.  b.  b  )  is  broader,  shorter,  and  hollowed  out ;  the  last 
joint  (the  same,  o.  o.)  is  longer,  narrower,  towards  its  apex  somewhat 
broader,  triangular,  within  hollowed  in  a  channel.  This  last  joint  is 
fret,  but  the  first  is  connected  by  a  joint  to  the  ventral  plate.  Between 
these  lie  the  aculeus  (the  same,  d.),  a  horny,  round  organ,  a  little 
dilated  at  its  base,  and  near  its  apex  compressed,  where  at  the  edge  it 
is  toothed;  and  tUs  again  consists  of  three  horny  ridges  connected  by 
soft  membrane.  A  still  larger  one  (f.  3,  a,  a,  seen  from  beneath,  f .  5 
ftom  above),  broader  in  front,  and  there  likewise  toothed  at  the  margin, 
Ues  above  and  forms  the  channel ;  two  finer  narrower  ones,  pointed  at 
the  apex  (f.  3,  &,  6,  from  beneath,  and  f.  4  from  above)  lie  in  the  pre- 
ofidlng,  and  project  beyond  it  at  the  end,  forming  its  apex  (the  same, 
f.  2  D.).  They  all  form  combined  a  tube  capable  of  distension,  in  which 
doubtlessly  the  eggs  are  pushed  dovm  by  the  valves  themselves  after 
die  aculeus  has  pierced  the  vegetable  substance,  for  which  purpose 
€fiAenAf  it  is  armed  at  its  apex  with  the  strong  teeth. 

Hub,  therefore,  is  the  structure  of  the  ovipositor  in  the  different 
groi^Mof  insects:  in  its  investigsttion  we  have  concluded  our  exami- 
nation of  the  female  sexual  organs,  and  pass  now  on  to  the  male  organs. 

•  fiibUa  Nstan,  PL  XYIII.  f.  S.  f  G«ik  Cnw.  ft  Ins.,  toI.  iH.  p.  242. 
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II.  Of  thb  Male  Oboans  of  Gbnbration.  ' 

§  146. 

Wb  have  already  indicated  that  the  male  sexual  organs  consist 
essentially  of  the  same  parts  as  those  of  the  female.  They  also  are 
dirided  into  interior  and  exterior ;  the  former  of  which  comprise  the- 

TBSTES,    VASA   DBFEBBNTIA,    VESICA   SEHINALIS^    aild    DUCTUS   EJA- 

CULAT0BIU8  8BMINIS ;  and  the  latter^  the  penis  and  the  frbbensile 
OBOAN  connected  with  it^  and  placed  at  the  scxaal  orifice.  We  will 
therefore  now  proceed  to  the  consideration  of  the  internal  male  oi^ns 
of  generation. 

A.  Internal  Organs  of  Gbnbration. 

§  147. 
the  testes. 

The  TESTES  are  glandular  white  bodies  generally  present  in  pairs,  and 
which  secrete  the  spermatic  fluid.     They  r^nlate  themselvea  in  form. 
and  structure  according  to  the  differences  presented  by  the  giandular 
oigans  ia  insects  in  general,  so  that  the  majority  are  long  coniroliited 
vessels;  some  take  the  form  of  fasciculi  of  blind  filamentsy  and  a  &«r 
lastly  appear  as  round  glandular  bags.    Their  structure  is  regulated  by. 
their  exterior  appearance.     Vascular  testes  have,  like  all  the  glands 
of  insects,  two  tunics;  the  internal  loose  mucous  one  displaying  a, 
parenchymatous  appearance^  the  exterior  one  smooth,  but  coarser  in' 
structure,  and  corresponding  with  the  exterior  musoular  jnerabmne  .of 
aU  internal  organs.    Round  testes  have  likewise  a  smooth  0Qalii|g» 
which  enclose  a  multitude  of  small  vesicular  bags  in  t&e  >  oavities.  oC. 
which  the  sperm  is  secreted. 

As  the  testes  are  analogous  to  the  female  ovaries,  we  should  ooooei)re 
that  they  m  well  as  the  latter  should  stand  in  oonntotion  with  tht 
dorsal  vessel ;  but  this  has  not  yet  been  detected,  although  many  foniM. 
of  tes^  extend  in  delicate  filaments  upwards  which  may  apparently 
be  ithe  indication  of  such  a  eommnnicating  thread,  as  is  the  case  in  Itbe. 
ovaries.  The  analogous  importance  of  both  oigans,  which  is  most  strongly^ 
proved  by  the  progressive  metamorphoses  of  inseots,  to  whidi  we.  shiil 
sttbse^ntly  iieturn*,isevi|ioed  also  by  the aitnaCiiNiof  thai teatarJn  the 
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abdomen,  as  they,- occupy  precisely  the  same  place  poBsesaed  by  the 
oriries  of  this  female,  namely^  the  lateral  spaoea  in  the  abdominal 
avity  contiguous  to  the  intestinal  canal,  yet  inclining  more  towards 
tlie  venter.  Those  only  which  are  united  into  one  testis  lie  directly  in 
the  Buddie  of  the  body  immediately  beneath  the  nutrimental  canal. 

With  respect  to  their  ]Nrecise  shape,  having  thus  indicated  theit  most 
genenl  dLSerences>  and  distinguished  them  as  tubular  or  vesicular^L  they 
may  be  anaaged  under  sereral  chief  forms  with  various  subordinate 
diflereooes,  which  the  following  classification  tmdeavours  to  display. 

I,  SmrLB  TBBTRS.  Tho  long  testes  which,  in  the.early  stages,  aie 
divided,  approach  moiKe  closely  together  in  the  progress  of  deyelopoient, 
and,  lastly,  in  the  pupa  state,  unite  into  one  single  globular  testi8> 
(Pi.  XXIX.  f.  1.)  the  earlier  separation  of  which  is  indicated  by  a  ring 
spon  its  surface.  Eoeh  of  the  hemispheres  divided  by  this  ring  has  its 
own  peculiar  duct,  which  unite  afterwards  together. 

This  structure  of  the  testes  is  peculiar  to  all  the  diurnal,  crepuscular, 
and  nocturnal  Lepidoptera,  as  well  as  the  Pteropkori ;  other  moths 
(the  Time0B)  hav«them  always  separated.  This  testis  consists,  upon 
doser  inapeotioii,  of  a  thick  cellular  mass,  which  is  pierced  everywhere 
by  ddioBite  nunificatio&s  of  the  trachen. 

IL  QmrMMAftvn  TssTsa.  The  testes  remain  during  the  whde 
csnae  ai  the  insect's  life  separated  ft^m  each  other,  and  lie  on  each 
iide«f  the  intestinal  eanal. 

A*  SxM^LB  VAficuiiAB  nwEB.  Sftch  testis  is  a  simple  fiUAnrm  or 
widsr  vaaael^  which  lies  either  extended  at  full  length,  or  makes  convo- 
lotioDs,  but  k  sometimes  is  entangled  in  a  hank. 

K  TesUcmU  Imearei  {V\,  XXIX.  f.  2.).  They  lie  stretched  out, 
and  SM  wider  than  the  ductus  ejaculatorius  into  which  they  pass  by 
me«as4f«  saddeii  oonatrietion,  and  run  upwards  in  a  conical  point. 
(Ubdbiia.) 

9.  T€McuH  clavati.  (PL  XXIX.  f.  3.).  Each  testis  is  an  obtuse 
dah,  tthfeh^giaihiiily  «ontrsfets  itself  into  the  duettto  ejaculatorius,  and 
tk«sitaf»eto^ptJMy  passes  into  it.   (CircoptB,  Tinea,) 

3.  Tettieuli  Jilif^rme*.  (PL  XXIX.  f.  4.}*  The  testis  is  a  twisted 
filsBiaati'wfaidb  Hm  wdund  tip  in  the  abdothien,  and,  befbre.it  passes  into 
Ue  dnii^  dteends  into  a  loagitudtnal  sperm  bladder,  (ft.  Tipula.) 

4.  TeHicuU  tjnraiei.  (PL  XXIX.  f.  6.).  Th^  disdi^ish  them- 
wb«s  fivm-tlMt  preoMiSttg  mewly  by  «seh'fllltom  testis  beiiig  twisted 
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wfAnlly,  and  origiiMting  in  a  superior  free  and  very  fine  ikmnt. 
(Ranatra.) 

5.  TesiicuU  furcaii.  (PI  XXIX.  £  6.).  The  testis  here  k  also  a 
txiristed  canalj  which  furcates  at  its  extremity  and  extends  into  two 
short  capitate  ends  *.     {Apis  mellifica.) 

6.  Testiculi  canwAuiL  (PI.  XXIX.  f.  70-  '^^  filiform  testis  is 
very  long^  much  longer  than  the  abdomen^  and  convoluted  into  some- 
Umesaround  {Dyticus),  sometimes  ovate  {Calo$omd)  ball.  {Carabodea 
Htfdrocantharidts,) 

B.  CoMPotrND  VA8C0LAR  TBSTE8.  Each  testis  is  a  bundle  of 
shorter  or  longer  filiform  or  filamentary  blind  vessels,  or  bi^»  which  all 
unite  into  one  common  duct. 

I.  TesUcuU  scopaceL  (PI  XXIX.  f.  8.)-  The  short  blind  processes 
which  the  testes  form^  are  of  equal  lengthy  and  sit  dose  together  upon 
the  upper  side  of  a  comm<m  duct.    (  Hydraphilus.) 

3.  TeiiicuUfascieulaiu  (m.  XXIX.  f.  9.).  The  somewhat  longer 
blind  process^  are  tolerably  equal  in  size^  and  are  seated  contiguously  at 
one  jipot>  namely,  at  the  end  of  the  f  unnel-^aped  distended  sperm  duet. 
(Buprestie  Trkkodes,  CUna,  Epidydimis  in  Locusid,  PI.  XXVIII. 
f.  5,  a.}. 

3.  Te$iicuU  HeUati.  (PI.  XXIX.  f.  14.).  From  the  end  of  the 
tisple  sperm  duct>  short  fine,  star-shiaqped  or  radiating  filaments 
originate.   {Apate.) 

4.  Testiculi  Jhicnlosu  (PI.  XXIX.  f.  15.).  The  filaments  at  the 
end  of  tho  sperm  duct  are  here  short,  distended  bags,  which  are  placed 
around  the  distension  of  the  sperm  duct,  like  the  petals  of  a  flower  of 
the  class  Syngeuma.  (Asida,  Tenebrio,  (Edemera.) 

5.  Testiculi  imbricaii  (PL  XXIX.  f.  10.).  Short  purse-shaped, 
smooth  pockets^  whidi  pass  over  eaeh  othor  like  tiles,  dothe  a  broad 
compressed  bag,  which  runs  out  into  a  short,  at  first  serpentine  spenn 
dttct  {Locueta  vtridissiwui.) 

C.  Compound  vbsicvlaii  tbstbs.  Sadi  testis  consists  of  oval  or 
round  and  large  or  small  vesides,  which  unite  either  by  degrees  together, 
or  at  one  end  of  the  there  distended  sperm  duct. 

1.   Teetumli  racemoH,    (PI.  XXIX.  f.  11.)-    Vke  bladders  are 

•  ddclfMr,  la  H«iii.  Ziltiehr.  t  d.  Oig.  Phynk.  voL  iL  |».  2S4.  PL  XII.  1  SO. 
^aemimg  to  SwammeidaiaiD*  BlbBt  VMnam,  the  tettet  u«  kidnej-thiped  bodies. 
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taiemMy  krg8>  pear-shaped^  and  open  by  degrees^  sometimes  serenl 
together^  into  tbe  common  sperm  dnot.  The  lower  bladders  aa^  kuif^ 
and  loAger  stalked.   {Siaphglinus^) 

2.  TeiiicuU  granulML  (PI.  XXIX.  f.  13  and  16.).  Tbaendoftbe 
sperm  dnct  is  dilated  into  a  bkdder,  which  is  entirely  eovered  with 
rounds  button^^haped  blisters.  {Blapa,  Pimelia,  Musca.) 

3.  TestkuU  venculon.  (PI.  XXIX.  f.  13.).  The  long  testis  con- 
asts  of  several  rows  of  little  bladders,  which  are  placed  around  the 
extremity  of  the  sperm  duct.  In  Semblis  there  are  three  rows  of  such 
bladders  present. 

4  Tetiicuh  vestcukwMdrrati.  (PI.  XXIX.  f.  7' ^.)-  The  reflected 
end  of  the  sperm  dnct  bears  several  petiolated,  larger^  capitate  bladderS) 
and  between  these  there  are  fiuciouli  of  smallery  ramose  vessels^  the 
extreme  ends  of  which  originate  from  four  delicate  glandular  bodies. 
(SUpha  ohtcura,  according  to  Leon  Dnfour.) 

D.  Gapitatb  TB8TB8.  The  testis  consists  of  several  sometimes 
round  or  long  kidney-shaped  glands,  which  lie  at  the  end  of  the 
common  sperm  ducit,  or  each  dnct  bears  but  one  such  glandular  body« 

1.  TtsticuH  capUaio-simplieei.  (PI.  XXIX.  f.  17).  Each  testis 
consists  of  a  single,  differently  formed  glandular  body.  In  LyUa  and 
Melee,  this  body  is  globose  or  uneven  and  granulated  (f«  17-) »  ui 
SiaU^,  Phryganeas  and  Apis  (according  to  Swsmmerdamm),  it  is 
kidney-shaped,  and  the  duct  opens  at  the  spot  whertf  the  kidney  is 
emarginate. 

2.  TeHicuU  oapiiato-gethinu  (PL  XXIX.  f.  la).  The  sperm  duct 
is  furcate,  and  each  branch  bears  a  similar  round  glandular  testis* 
Dimaeia  and  Cattiehrama  have  equal  braaehes :  in  Lamia  igdilit,  the 
superior  one  is  longer  (f.  18). 

3.  Teeiiculi  digitati.  (PL  XXX.  f.  1.).  At  the  end  of  the  spmn 
duct  there  are  five  conical  gkndulaf  bodies,  which  extend  in  long 
serpentine  fine  vessels*  {Nepa.)  This  form  is  as  it  were  intermedittte 
between  the  capitste  and  vdsoular  testes* 

4.  TesiituU  capiMo^cOmpaeUu  (PL  XXIX.  f.  19  and  30.)^  The 
sperm  doct  gradually  ditides  into  several  brandissi  each  of  which 
sends  off  one  (Cetonta  Prumus)  or  several  capitate  testes*  {Lepwna 
Cicada.) 

6.  TetticuU  capUato^verHcittaii.  (PL  XXX.  f.  2.).  Each  testis 
consists  of  several  globose  frequently-COmpfessed  glandular  bodies. 
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ooncare  in.  the  centre,  each  of  which  has  its  peculiar  duct..  All  U^e 
ducts  are  of  equal  length,  and  unite  at  one  and  the  same,  spot  to  a 
common  sperm  duct.  The  number  of  glandular  bodita  varies :  we  find 
six  in  MeUdonlha  vulgaris  and  Orycies  tuuicornis,  nine  in  TricMus 
Jasciatui,  and  twelve  in  TV.  nobilU,  on  each  side.  This  form  appiBara 
to  be  the  most  complete  of  all,  whence  it  is  peculiar  to  the  beetles  only. 

§  148. 

THE    BPIDYDIVI8. 

The  epidydimis  is  likewise  a  glandular  organ  freqvenlly  formed 
upon  the  type  of  the  true  testes,  and  opens  with  a  peculiar  dditt 
narrower  or  wider  duct  into  the  common  duct  of  the  sexual  organs. 
We  find  this  organ  in  a  few  beetles  only :  its  function  also  is  not  dtfi. 
tinctly  known ;  the  few  hitherto  observed  forms  are  the  foUowhig. 

We  observe  the  epidydimis  most  distinctly  in  Hydropkilw  pieeus 
(PL  XXX.  f.  3).  They  are  here  two  long  oval  pointed  bodies,  turned 
back  about  their  centre,  which  contain  within  an  exterior  fine  tense 
ddn  a  second  glandular  one,  forming  many  rather  long  and  regularly 
auooeasive  little  bogs.  Upon  a  first  inspection,  this  body  appears,  from 
its  narrow,  contiguous  and  parallel  bags,  as  a  convoluted  vessd,  and  as 
such  Suckow  erroneously  explains  it  *.  From  this  organ  there 
originates  a  long  broad  bag,  with  at  first  a  narrow  but  suddenly 
distending  orifice,  which  appears  to  be  formed  like  the  tracheae  of  a 
spiral  filament,  but,  upon  closer  investigation,  displays  a  structure 
similar  to  the  epidydimis.  It  also  consists  of  two  membranes,  of 
which  the  inner  parenchymous  mucous  membrane  likewise  forms 
narrow,  parallel  bags,  which  I  almost  oonaider  as  the  actual^  secreting 
cavities.  In  them  we  find  a  yellowish  finely  granulated  liquid,  the 
secretion  of  this  epidydimis.  Both  these  bags  (PI.  XXX.  f.  10.  aa.aa.) 
open  at  the  end  of  the  common  duct  in  front  of  the  sperm  bladder. 
(The  same,  a*,  a*.)  They  are  somewhat  longer,  or  certainly  quite  as 
long  as  the  testes  with  the  sperm  duct,  and  extended  they  are  of  about 
the  length  of  the  abdomen,  but  they  are  usually  rolled  spirally.  Similar 
appendages  are  found  in  Lfftta  and  Meloi,  but  the  epidydimis  here  is 
a  serpentine,  lace-shaped  vessel,  which^  upon  the  ventral  side,  empties 
itself  into  the  vesicular  distended  point  of  union  of  both  the  conical 

*  In  Hennng.,  toI.  ii.  p.  232. 
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tpenn  daets  *.  In  Triehodts,  the  epidydimia  is  also  a  simple^  very 
noch  convolttted  yessel,  without  distension  or  appendages  f. 

In  Loctfiia  and  GryUotalpa^  the  epidydimis  forms  a  oonvolation  of 
▼easels.  In  Grylloialpa,  each  of  the  four  thick  testicular  hodies 
appeitfs  to  consist  of  one  conTolnted  vessel.  The  superior  one  or 
epiSydimis  is  smaller,  conical,  and  provided  at  the  end  with  a  long  free 
filament;  the  lower  true  testis  is  larger  and  kidney-shaped.  Both 
display  upon  their  sur&ce  evident  windings  of  vessels^  which  are 
surrounded  by  a  darker  mass.  Tlieir  ducts  unite  beneath  the  large 
teslis  into  a  small  sperm  bladder,  into  which  also  the  thick  convoluted 
l^iften  Teasel  empties  itself  X-  Ia  Loctuia,  eadi  epidydimis  consists  of 
twodtvidons:  the  upper  one  (a.)  is  a  fiisciculus  of  long,  snow-white 
convoiiited  vesseb^  wbidi  all  unite  by  degrees  into  a  tolerably  large  duct ; 
the  lower  one  (6.),  on  the  contrary,  ia  an  oval  bag,  the  superior  surface 
«f  which  sends  off  short  rounds  tolerably  narrow,  filamentary  processes. 
The  sperm  duct  empties  itself  into  the  neck  of  the  bag,  but  the  duct 
•f  both'  bags,  aa  well  as  the  abort  one  of  the  upper  fksdculated 
e^dydiinia,  form  likewise  two  short  tubes,  which  speedily  unite  with 
the  broad>  almost  bag-shaped  ductus  ejaculatorius.  At  this  point  of 
UAioo*  we  find  en  each  side  a  small  round  little  bladder,  which  is  the 
fotioa  aeminalis* 

•  Hooe  are  the  different  forms  of  the  hitherto  observed  epidydimes: 
other  vnsenlar  appendages  of  the  male  sexual  organs  we  shall  shortly 
iavestigflte,  and  disoemi  in  them  gluten  organs. 


§  149. 

TBB    VASA   DSVSRBIfTIA    AND    YSSICA    SBMINAL18. 

The  ducts  which  connect  the  testes  with  the  common  ductus 
ejaculatorius,  are  called  vasa  deferentia,  or  sperm  ducts.  They  are  fine 
tubes,  originally  of  very  small  circumference,  which  either  retain  a 
uniforra  size,  or  distend  in  front  of  their  orifice,  and  widen  into  an  oval, 
Bn^  bladder.  This  distension  is  called  the  vesica  seminalis  or  sperm 
Blttddd*. 

'  We  can  speak  only  of  the  number  and  length  of  the  sperm  ducts. 
Wfth  respect  to  their  number,  we  observe  where  several  testicular  bodies 
arefUind.  Tliere  are  also  at  first  several  sperm  ducts,  all  of  which,  either 

*  Sm  Brandt  ftod  Ratzeborg  Aneoeithiere,  rol^  ii.  PI.  XIX.  f.  12  and  13.  e.  #. 
t  Sackow,  aa  above,  PI.  X.  f.  5—7.  ±  Ibid.  PI.  XII.  f.  20. 
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by  degrees  or  at  one  spot,  unite  into  one  common  duet  The  first 
is  found  only  in  the  compound  capitate  testes  (7*  cap.  camparili),  but 
universaUy  here.  Thus  the  twelve  ducts  of  the  twelve  f^a&dnlar 
bodies  of  Ceiomia  auraia  unite  by  degrees  to  a  oommoa  sperm  duot ; 
indeed  some  of  them  previously  unite  together  hefiure  they  em|ity 
tfaemaelvies  into  the  common  dnct«  In  PrUmu$  (V\.  XXIX*  f*  ift)  the 
single  ducts  empty  themselves  alteruately  into  the  end  of  tfie  lywfffTfW 
sperm  duct;  the  same  in  Cicadaj  lAttf,  in  which  eadi  bmidi  bosst 
several  glands.  The  second  connection  of  the  ^enn  duc^  b  peculiar 
to  the  verticillate  testes :  here  ^  the  single  spf^rm  ducts  unite  nt  ttw 
end  of  the  common  duct,  consequently  at  one  spot.  It  is  similsr  m  Ibhe 
double  testes  (H  tap.  gemini),  where  consequently  the  i^yenn  duct 
furcates  at  its  extremity;  the  same  in  Blapi^  where  two  equal  bcwches 
are  fSrand»  each  bearing  a  testis,  and  then  a  third,  U>nger  ongiaatiiig 
from  the  fivk«  which,  however,  beaxs  no  testis.  The  length  of  the 
sperm  ducts  is  subject  to  no  less  vsriety.  They  are  ^bort  w  idl  theee 
instances  where  they  do  not  exceed  the  length  of  the  abdomeuj  fmdj 
consequently,  make  no  oonvolution3j  9»  for  example^  in  Lwann/St 
Hydrqphilwt  LocuslOf  CaUiohromaj  Libellula,  Nepa,  andi  m  general, 
where  there  are  large  testes;  moderately  long,  th«bt  is,  from  twice  to 
three  times  the  length  of  the  abdomen,  they  are  found  in  those  instances 
in  which  the  different  appendages  we  are  about  to  describe  we  wanting, 
ftr  example,  in  Semblist  SiaUs,  Phrt^gftneot  and  Cercopk;  long  or 
very  long  in  those  testes  which  are  smaller  f^  composed  of  several 
bodies,  or  in  general  of  a  convoluted  canal,  for  example,  in  Djflicusy  in 
which  they  are  about  ^ye  times  as  long  as  the  body,  and,  like  the 
testes,  convoliute  themselves  into  a  small  knot  (PL  XXIX.  f.  7*  &•) ; 
then  in  Necrophorua  and  Blaps  eight  or  ten  times  as  long ;  in  Cicada, 
Lat.  fourteen  times  as  long  ;  and  in  Cetonia  auraia,  nearly  thirty 
times  as  long.  A  short  but  very  broad  and  indeed  gradually  distending 
sperm  duct  is  found  in  Mehe  and  Lytta  (PL  XXIX,  f.  17*  6.),  whilst 
in  other  cases  it  maintains  a  uniform  compass. 

The  sperm  bladder  has  generally  a  more  muscular  structure  than 
the  sperm  duct.  The.  size  is  proportionate  to  that  of  the  testes,  and  is 
wholly  wanting  to  the  less  compact  sexual  organs,  where  the  narrow 
sperm  duct  passes  into  the  common  ductus  ejaculatorius  without  any 
distension.  It  is  wanting,  for  example,  in  the  Carabodea  and  Hydro- 
cantharides,  in  Lucanus,  the  Capricorn  beetles,  all  Lepidopiera, 
Libellulat  Cercapis,  and  several  others ',  as  a  slight  distension  at  the 
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miid  ike  tpema  diict,  it  appears  in  the  LameUioomui,  in  SembiU^ 
TiftJa;  «  a  laige  ovate  4islensMm9  at  tlie  end  of  the  spenn  duet  in 
HifdnfKlus  (PL  XXX.  f.  ]0.)  and  Afis;  as  a  peculiar  appendage  to 
die  ipenn  duct,  in  Pkrpgmnea  (n.  XXX.  f.€.  h.h.).  In  LjUa,  MHoe, 
woimmaf  ethen^  we  ind  bat  ene  eperm  Uadder^  wUeh  Jim eriginated 
fieai  llie  unioa  4»f  bedi  the  sperm  dvets;  inte  tkis  the  laoe-shaped 
epidfdious  tiien  enqiCMe  itadf . 

4  160. 

PBGVLIAB  APPBNnaOBS. 

We  perceive  append^es  to  the  male  oigans  similar  to  those  glandular 
ones  we  noticed  above  in  the  female  sexual  organs.  With  respect  to 
their  peculiar  purpose,  we  know  certainly  as  little  as  of  the  true 
foncdon  of  the  vessels  accessory  to  the  female  organs ;  but  it  is  just 
as  probable  that  here  as  there  they  are  gluten  secreting  organs,  and, 
consequently^  glandular.  That  such  appendages  are  not  absolutely 
necessary^  is  proved  by  the  circumstance,  that,  as  in  the  female,  so  also 
in  the  male  sexual  organs,  they  are  frequently  entirely  wanting,  and 
that  sometimes  they  correspond  in  both  sexes,  as  in  Musca,  Donacia, 
SmbUi;  in  other  cases  are  found  only  in  the  female,  as  in  Tipula, 
Ephemera,  and  Nepa;  and  in  others  again  are  found  in  the  male 
alone,  as  in  Pterophorus  and  CercopU.  This  deficiency  of  them  in 
one  sex,  when  present  in  the  other,  speaks  against  the  opinion  of 
Sackow*,  according  to  whom  they  secrete  urine;  for  this  would 
necessarily  be  peculiar  to  both  sexes,  but  which  does  not  invalidate 
dieir  being  gluten  secreting  vessels  of  the  sexual  organs,  which  in 
general  in  male  individuals  are  much  more  numerous,  and  are  of  a 
different  form  and  situation  to  those  found  in  the  female.  These 
appendages  are  also  found  where  urinary  organs  show  themselves,  as  in 
the  Carahodea  and  Hydrocantharidet,    Comp.  §  114. 

If  we  more  closely  investigate  the  number  and  the  form  of  these 
appendages,  their  first  and  most  important  character  is  their  almost 
symmetrical  situation  and  equal  number.  Tipula  and  Blatla  only,  as 
fiur  as  our  knowledge  extends,  make  an  exception  to  this  rule ;  as  in 
Tipula  (PI.  XXX.  f.  14.),  according  to  Suckow,  an  uneven  clavate 
process  is  found  at  the  point  of  union  of  both  sperm  ducts,  which, 
aooodGng  to  all  analogy,  can  be  explained  only  as  a  gluten  organ, 

*  II«a»iDg.,  Tol.  ii.  p.  24e. 
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particttlftrly  «•  in  many  other  iDaects  the  same  pari  af^em  ia  a  aintlar 
fprn.  In  Blatla,  aooording  to  Gaede  *,  tkere  is  a  lai^  Madder  ai 
thia  precise  spot. 

The  tyminetrical  gluten  organs  are,  in  the  first  place,  doofale,  and, 
indeed^  short  davate  processes,  which,  at  tlie  point  of  cwmecdoa  of  the 
sperm  duct,  empty  themselves  into  the  ductus  ejaeulatorius*  We  thus 
find  them  in  SiaUs^  Ephemera^  LepismOf  Nepa,  Apis  (PI.  XXX.  f.  8.), 
and  Piophila  casei,  Meig.,  in  which,  however,  the  elavate  bag  haa  a 
lateral  pocket.  In  the  Carahodea  and  HifdrocatUharides,  it  appears 
longer,  indeed  as  long  as  the  abdomen,,  proportionately  narrower,  and 
already  making  some  windings.  In  the  former,  at  least  in  Calosoma 
sycophanta,  each  bsg  is  flat,  somewhat  depressed  from  its  apex,  spirallj 
convoluted,  and  into  it,  shortly  before  its  termination,  the  sperm  duct 
empties  itself  (PI.  XXX.  f.  13.) ;  in  Dylicui,  on  the  contrary,  it  is 
round,  irr^;ular,  twisted,  and  with  its  opponent,  as  well  as  with  the 
sperm  duct,  it  is  bound  together.  Still  longer,  and,  omsequently,  more 
twisted,  but  otherwise  uniform,  they  appear  in  GryUotalpa^  where 
they  are  at  least  twice  the  length  of  the  short  testes  \  in  Siratiomys, 
it  is  once  and  a  half  as  long  as  the  testes  and  the  sperm  duct  3  in  Tinea, 
equally  long,  but  narrow  and  filiform.  In  all  these  cases,  they  unite 
with  the  sperm  duct  at  one  spot,  to  form  a  common  ductus  ejacnlatoriua. 
Longer  than  the  testes,  but  likewise  thin,  narrow,  and  filiform,  we  find 
them  in  the  Lepidoptera:  here,  consequently,  they  make  several 
turnings,  and  then  empty  themselves  in  the  sperm  duct  itself,  a  short 
space  before  its  union  with  the  ductus  ejaculatorius*  (PL  XXX.  f.  13.) 
The  Lamellicomia  possess  the  longest.  They  here  appear  as  two  long 
narrow,  much  convoluted  filiform  vessels  (PL  XXX.  f.  9. 6.),  whichj 
towards  their  base,  distend  into  a  long  oval  occasionally  broad  bladder 
(^Melohntha),  which,  together  with  the  sperm  duct,  passes  into  the 
common  duct  at  one  spot.  The  length  of  this  vessel  is  sometimes  coup- 
siderable ;  for  example,  in  OryoteM  naticomis^  about  twenty  times  aa 
long  as  the  body,  but  in  Cicada,  Lat.,  where  we  observe  similar  vessels 
only  five  times  as  long. 

The  ramose  is  the  last  form  of  the  single-paired  gluten  oigans. 
We  have  already  observed  sudi  in  the  female  appendages  in  Elater 
and  Hippobosca;  among  those  of  the  males,  we  find  them  in  the 
Capricorn  beetles.     In  Cattichroma  moschaium,  I  found  a  thick  tangle 

*  Beitriig«  sur  Anatomie  der  Inaekten,  p.  20. 
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9i'vwrf  £ne  vwaoU,  wlikh,  apon  opening  the  insect^  was  ayvere^b}'  -the 
d»ml  portion  of  tke  posterior  end  of  the  intestinal  canal.  Upon  cluS^iet 
inspection  I  found  that  all  these  vessels  were  merely  the  Uranoheaof « 
ipoin  atetn  that  was  forcated^  which  was  the  case  also  with  eaeh  bmneh^ 
sod  I  thus  finuid  eight  successive  furcations.  The  terminal  ends  I  oonld 
not  distinctly  perceive,. but  thej  are  probably  loose.  In  Lawia  tedxHs, 
at  least,  where  only  one  furcated  vessel  is  found  on  each  side^  the 
brandies  are  free,  but  unequal,  the  exterior  one  being  shorter,  and  the 
imferior  longer,  the  stem  emptying  itself  into  the  sperm  duct  (PI.  XXX* 
£  11.) ;  and  it  is  the  same  in  CaUichroma  mosehaium. 

Where  there  are  two  pairs  of  appendages,  they  display  the  same 
f^rais.  In  A9oalaphu8  ItaUeun  they  are,  according  to  Hegctsehweiler, 
ftmr  unequal,  pear-shaped  bladders,  which  empty  themselves  into  the 
spemi  ^ct :  the '  smalter  ones  have  besides  a  superior  vascular 
«|^ndage.  Acoordiiig  to  Posselt  *,  two  pairs  of  vascular  appendages 
sre  ftuttd  in  Geotrupe»  stercorarius ;  to  Hegetschweiler,  in  Clerut 
id^eariuMg  to  Gade,  in  Tenebrio  moHior;  and  also  in  Biaps  morthaga, 
Jiehe  and  LyUa;  in  which  they  are  short,  but  of  unequal  length,  and 
one  pair  empties  itself  upon  the  upper  surface,  and  the  other  pair  upon 
th^  ulider  surface,  into  tlie  sperm  bladder  f*  In  Hydropkilus,  there 
are  sflao  two  pairs  of  unequal  appendages ;  the  inner  ones  are  shorter 
but  bnmder,  the  exterior  ones  longer,  and  they  furcate  into  two  equal 
bruK^ea :  both  empty  themselves  between  the  sperm  ducts,  the  testes, 
and  ^#  epidydimis,  into  the  end  of  the  common  ductus  ejaculatorius. 
(PI.  XXX.  f.  10. ».  b.  and  bb.  bb.). 

,  In  Nbioneda  glauea  there  are  even  four  pairs  of  equal  vascular 
appendages;  and  in  Buprestis  mariana,  according  to  Oade  {,  there 
ate  two  pairs  of  vesicular  ones  and  two  pairs  of  vascular  ones  together. 
One  pair  of  the  first  is  very  small,  the  other  longer,  clavate,  and  bent : 
also  one  pair  of  the  vessels  is  bag-shaped,  and  the  other  filiform  and 
t^ierAbly  long.  All  nnite  at  one  spot  in  the  ductus  ejaculatorius,  into 
which  also  the  sperm  ducts,  but  at  some  little  distance  further  back- 
wards, empty  themselves. 

*  Beitiiige  tuT  Amtomie  der  Imokten,  Pt.  1. 1 16. 

t  Brsndt  «od  Ratzebuig  Axzeoeithifsn,  toI.  is.  4  Ft.  PI.  XIX.  1 13. 

X  Nova  Acta  Phjs.  Med.,  vol.  xi.  p.  331. 
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§    151. 
DUCTUS    EJAGULATORIUS. 

The  DUCTUS  EJACLTLATORius  8EMINI8  18  that  tube  which  extends 
from  the  point  of  union  of  both  sperm  ducts  or  sperm  bladders  to  the 
commencement  of  the  penis.  It  displays  in  its  structure  coarser 
muscular  fibres,  and  is  of  a  more  compact  nature  than  the  sperm  duct. 
It  is  analogous  to  the  egg  canal  of  the  female  organs,  and  appears 
sometimes,  like  this,  vesicular  {Hydrophilus)^  and  sometimes  contracted 
by  degrees,  consequently  clavate  (Lucanus,  Lyttd)^  sometimes  simple 
and  of  equal  \i'idth.  In  length  it  varies  much,  sometimes  short, 
scarcely  visible,  yet  broad  {Locvsta,  Grylloialpa) ,  sometimes  longer, 
but  yet,  in  proportion  to  the  other  internal  sexual  organs,  still  short 
{Calosoma,  Melolontha^  Trichius) ;  moderately  long  when  it  attains 
about  the  same  length  as  the  sperm  ducts  {Hydrophilus,  Lytta,  Meloe^ 
Papilio) ;  long,  lastly,  when  it  is  longer,  indeed  considerably  so  than 
the  sperm  ducts  (Lucanus,  Lamia).  The  most  remarkable  form  of  the 
ductus  ejaculatorius  I  observed  in  Lamia  cedilis.  In  this  it  is  about 
eight  times  as  long  as  each  sperm  duct,  and  geniculated.  But  to  display^ 
this  remarkable  structure  most  justly,  I  must  extend  my  description  to 
that  of  the  entire  sexual  apparatus. 

If  a  male  Lamia  tsdilis  be  opened  from  its  back,  we  first  observe  in 
the  centre  the  convoluted  intestine,  and  contiguous  to  it,  on  each  side, 
about  the  centre  of  the  lateral  space,  two  white  testes.  Both  unite  into  a 
narrow  sperm  canal,  which  runs  towards  the  anus,  and  there  unites  itself 
with  the  opposite  one  of  the  other  side,  after  each  has  received  a  furcated 
gluten  gland.  After  a  short  course  in  a  direct  line,  the  ductus  ejacola* 
torius  bends  forward,  runs  in  a  serpentine  direction  up  the  central  line 
as  far  as  the  abdominal  nervous  cord,  but  beneath  the  intestinal  canal, 
as  far  as  the  thorax,  and  here  again  bends  a  second  time,  turning  upon 
itself  like  a  knot,  it  then  runs  back  again  in  a  gentle  curve  to  the  anus, 
there  to  pass  into  the  penis.  From  its  first  bend,  this  duct  is  no  longer 
free,  but  it  is  enclosed  in  a  wider  membranous  tube,  into  which  also  pass 
eight  delicate  trachefie,  the  fine  ramifications  of  which  spread  upon  the 
duct,  and  accompany  it  as  far  as  the  second  bend,  after  they  having  one 
after  the  other  previously  dispersed  themselves  in  fine  branches.  But 
from  its  second  bend,  the  ductus  ejaculatorius  is  accompanied  by  a  strong 
horny  ridge,  which  lies  in  the  superior  portion  of  the  enclosing  tube, 
retaining  it  tensely  distended,  and  which  terminates  only  where  it  passes 
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into  the  penis.  In  the  other  Capricorn  beetles  (for  example,  Callichroma 
matckaium,)  the  ductus  ejaculatorius  is  indeed  much  shorter,  but  like- 
wise twice  geniculated.  That  portion  from  the  point  of  connection  to 
the  first  knee  is  wider,  more  vesicular,  and  transversely  ridged,  taking 
the  pbee  of  the  sperm  bladder,  which  is  wanting,  to  the  equally  wide 
speno  ducts ;  the  other,  donUe  as  long  but  much  narrower  portion, 
bends  forwards  as  far  as  the  commencement  of  the  sperm  bladder, 
re-bends  back  to  the  anus,  and  then  passes  into  the  penis,  having 
reached  the  spot  of  its  first  geniculation.  The  penis,  or  rather  its 
aterior  case,  is  united  to  this  first  knee  by  means  of  a  muscle. 
We  are  as  yet  unacquainted  with  other  remairkable  or  peculiar  forms. 

B.  External  Organs  of  Generation. 

§  152. 

THE  PENIS. 

Having  already  perceived  a  great  variety  of  form  in  the  female 
eitemal  ocgans  of  generation,  we  might  expect  to  find  this  still  more 
extensively  the  case  in  the  male  organs,  had  their  parts  been  as  widely 
uivestigated  and  described.  But  that  which  does  not  invite  close 
mspection  by  its  exterior  or  the  problematical  nature  of  its  form,  but 
much  rather  withdraws  itself  from  the  eye  of  the  inquirer,  and  is  con- 
cealed upon  a  first  superficial  examination,  does  not  so  easily  excite 
cononty  and  stimulate  the  desire  for  instruction,  because  it  is  not  sup- 
posed to  exist*  This  is  the  reason  why  the  structure  of  the  penis  has 
been  made  less  frequently  the  subject  of  description  than  the  female 
onpositoTy  although  possibly  there  is  no  other  so  variously  formed 
u  organ,  nor  one  subjected  to  such  characteristic  and  generic  dif- 
i'tfenoes. 

ThePXMis  of  beetles  consists  essentially  of  two  parts,  namely,  of  the 
exterior  homy  case  analogous  to  the  bone  in  the  penis  of  the  dog,  and  the 
mternsl  delicate  membranous  penis  itself,  which  admits  of  being  consi- 
^atA  the  free  ductus  ejaculatorius.  The  exterior  sheath  alone  is  visible 
upon  a  first  examination,  as  it  entirely  covers  the  internal  tube  and  allows 
itonl?  at  its  apex,  where  it  is  divided  a  little,  to  project.  This  sheath  is 
cWthed,  either  entirely  or  partially,  by  a  delicate  membrane  (the  pr€e^ 
piuiwn),  which  may  be  considered  as  a  continuation  of  the  inner  mem- 
brane forming  the  cloaca.  This  membrane  has  also  sometimes  homy 
ridges  to  rapport  it.     Thus  much  upon  the  penis  in  general ;  more  will 
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be  derived  from  the  foUo^ving  particular  description  of  it  in  individiml 
insects. 

In  Carabus  (C.  glabratus,  Fabr.,  PI.  XXV.  f  1— -4.),  in  whidi  the 
withdrawn  penis  extends  to  the  commencement  of  the  thorax,  the  prae- 
putium  extends  only  to  the  end  of  the  fourth  segment  (the  last  eonnate 
one  counted  as  two) ;  it  is  wide,  bag-shaped,  truncated  at  its  extremitr^ 
and  is  supported  by  two  fine  bones,  which  have  the  same  shape  as  the 
bag.  At  the  base  both  bones  lie  closely  together,  but  they  with  their 
shanks  so  separate  that  the  two  shanks  of  the  upper  one  pass  to  the 
upper  valve  of  the  cloaca,  and  those  of  the  lower  one  to  its  lower  valve^ 
The  basal  portion  of  the  penis  projects  beyond  the  upper  portion  of  the 
bag,  driving  this  before  it,  so  that  it  is  covered  by  a  continuation  of  it. 
Besides,  the  sides  of  the  bones  stand  in  close  connection  with  the  exte* 
rior  integument  by  means  of  muscles,  which  hold  the  prepuce  back 
when  the  penis  is  pushed  forward.  Three  homy  pieces  are  also  found 
in  the  case  of  the  bag,  one  heart-shaped  one  beneath,  exactly  between 
the  shanks  of  the  bone,  and  the  two  others  at  the  apex  of  the  upper 
portion  which  clothes  the  free  part  of  the  penis.  There  are  likewise 
bony  processes  which  support  the  case  of  the  produced  part  of  the  bagy 
and  stand  in  flexible  connection  with  the  horny  sheath  of  the  penis. 
The  apex  of  the  produced  portion  of  the  bag  is  divided  where  the  upper 
end  of  the  penis  lies,  and  through  this  aperture  the  ductus  ejacolat<»iQs 
seminis  passes  into  the  latter. 

The  penis  itself  is  a  gently  bent,  horny  cylinder,  above  lound^  dia- 
tended  towards  its  end,  and  flattened  with  obliquely  truncated  extie- 
mities ;  upon  its  lower  or  ventral  side  it  has  a  longitudinal  apertuxe, 
which  is  surrounded  by  a  callous  margin,  wfaicli  indicates  the  outlet  of 
the  ductus  ejaculatorius. 

Dyticus  (PI.  XXV.  f.  5 — 10.)  displays  already  important  differences. 
The  two  valves  which  form  the  cloaca  are  much  larger,  the  upper  one 
is  soft  and  ovate,  the  lower  one  harder,  larger,  and  longitudinally 
divided  into  two  lobes.  Both  lobes  are  placed  upon  a  transverse  horny 
piece,  one  wing  of  which  encompasses  the  exterior  maigin  of  each  lobe^ 
and  is  bound  to  it  as  well  as  to  the  ventral  plate  by  strong  muscles. 
The  prepuce  of  the  penis  lies  between  these  two  valves,  which,  as 
in  Carabus,  is  a  membranous  bag,  but  the  horny  bones  of  which  are 
differently  formed,  and  display  stronger  muscular  oonnections.  The 
prepuce  itself  is  held  distended  by  two  horny  pieces.  A  broad  homy 
arch,  shaped  to  the  bag,  surrounds  its  whole  circumference,  but  lies 
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Wer  down,  so  that  the  withdrawn  penis  projects  beyond  it ;  the  upper 
maigin  of  this  homy  arch  i^  somewhat  reflected^  and  forms  two  pro- 
cesMS,  to  which  muscles  are  attached  that  assist  to  push  the  penis 
forward  (PI.  XXV.  £.T.  a,  a).  The  second  flat  longitudinal  horny 
pieoe  bea  in  the  lower  part  of  the  bag  between  the  shanks  of  the  arch 
(PI.  XXV.  f.  6.  &).  If  the  prepuce  be  opened  we  first  meet  with  the 
homy  sheath  of  the  penis,  a  bilobate  organ  gently  bent  from  right  to 
kfty  between  the  valves  of  which  lies  a  similarly  bent  and  pointed 
homy  spine.  Both  valves  are  closely  connected  by  membranes  and 
orasdet,  and  are  themselves  enclosed  in  a  membranous  sheath  (PI. 
XXV.  f.  9.  a,),  which  is  withdrawn  by  means  of  a  fine  homy  bone 
flattened  at  its  end  ;  it  so  lies  between  the  prepuce  and  the  penis  that 
it  retains  the  aldn  when  the  muscles  push  the  penis  forward.  The 
nlvee  of  the  penis  are  thickly  beset,  upon  the  bowed  inner  margin^  with 
long  sets,  which  are  placed  in  a  close  row,  as  is  also  the  inner  spine. 
This  spine  has,  similarly  to  the  above^described  female  ovipositor,  an 
novated  channel^  in  which  lies  a  fine  lancet-shaped  bristle ;  both  are 
eenneeted  together  by  means  of  flexible  skin  and  muscles,  and  between 
the  bristle  and  the  channel  is  the  outlet  of  the  ductus  ejaculatorius. 
This  spine  therefore  is  the  tme  penis,  and  the  two  valves  are  its  case. 

The  penis  of  Hydropkiius  (PL  XXV.  f.  11 — 14.)  approaches  very 
dcsely  in  many  particulars  to  that  of  Dyticus.  The  prepuce  here  also 
is  a  truncated  bag,  from  the  upper  surface  of  which  the  penis  projects. 
In  the  lower  part  of  the  bag  lies  a  broads  shovel-shaped,  homy  plate, 
fiom  ihe  margins  of  which  on  each  side  a  bone  originates,  which  form 
tbe  lateral  limits  of  the  bag ;  upon  the  upper  side,  at  the  end,  lies  a 
triangular  perforated  valve,  which  forms  also  the  superior  valve  of  the 
anal  aperture,  and  sends  ofiT  two  free  lateral  processes  to  the  bone  of  the 
fewer  portion  (c,  c).  The  cloaca  penetrates  beneath  this  valve,  and  is 
separated  from  the  penis  merely  by  a  fold  of  the  prepuce.  The  penis 
itself  oonsasta  of  the  bivalved  sheath  and  the  unequal  spines  lying 
between  liiem.  Upon  the  inferior  side  the  valve  borders  upon  a  heart- 
daped  homy  plate  (o),  which  appears  to  form  the  support  of  the  entire 
ergSH;  ita  lateral  margins  turn  upwards,  and  a  coarse  skin  is  attached 
to  it,  which  doses  the  canal  of  the  penis  from  above.  The  valves  (b,  e,) 
of  the  penis  itself  are  pointed  downwards,  they  are  bent,  concave,  homy 
bones,  which  are  internally  filled  by  membrane  and  muscles,  which 
nnite  to  them  the  central  spine  of  the  penis.  The  most  central  spine 
{y»  P,)  is  not  bivalved,  as  in  D^icus,  but  a  perfectly  closed  tube,  at  tbe 
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under  surface  of  which  runs  a  narrow  spatel-shaped  horny  bone^  and 
there  is  a  hair-shaped  one  at  its  superior  surface ;  the  aperture  ( Jr)  is 
enclosed  by  two  small  horny  arches. 

In  Melolontha  the  penis  is  only  half  covered  by  the  prepuce ;  its 
case  is  posteriorly,  particularly  upon  the  upper  surface,  entirely  homy^ 
and  distended  like  a  bladder ;  two  processes  originate  from  it,  which 
are  nearly  conical,  somewhat  sloping,  and  furnished  anteriorly  with  a 
knob ;  these  are  contiguous  beneath,  and  above  they  are  united  by  a 
strong  membrane :  between  them  lies  the  membranous  canal  of  the 
penis,  which  consists  of  several  folds  of  the  ductus  ejaculatorius  *. 

In  Callichroma  moschaium  the  prepuce  is  a  thin  cylindrical  bag, 
which  in  front  is  obliquely  truncated,  and  it  terminates  above  with  a 
triangular  homy  plate.  At  each  of  its  lateral  angles  a  bone  originates, 
which  inclining  forwards  proceeds  beneath  to  unite  itself  there  with  the 
corresponding  one  of  the  other  side,  forming  a  perfectly  horse- shoe- 
shaped  arch.  The  case  of  the  penis,  which  is  similarly  shaped,  lies 
entirely  enclosed  within  this  prepuce ;  it  is  likewise  more  membranous, 
but  terminates  in  front  with  two  horny  valves,  the  broader  and  lower  one 
of  which  entirely  embraces  the  narrower  superior  one  upon  the  lateral 
margin,  and  sends  forward  two  flat  processes  into  the  skin  of  the  case. 
The  membranous  canal  of  the  penis  lies  within  this  case,  as  a  continua- 
tion of  the  ductus  ejaculatorius  (PI.  XXVI.  f.  1  and  2.). 

Among  the  Orthopiera  we  find  in  Blaita  the  penis  perfectly  nnsyni- 
metrical.  The  sexual  organs  are  only  visible  upon  the  removal  of  the 
dorsal  plate,  for  they  lie  concealed  between  the  two  last  ventral  plates, 
and  arc  protected  on  each  side  by  the  short,  jointed  processes ;  we  thed 
observe  a  triangular  irregular  valve  (PI.  XXVI.  f.  17,  18.  a),  which 
covers  the  passage  to  the  sexual  aperture  from  above,  and  contiguously, 
two  other,  likewise  unequal,  bags  (the  same,  b  and  c),  which  protect  the 
sides,  and  lastly,  beneath,  a  hook  bent  upwards  obliquely  over  these 
parts  (the  same,  d,  d).  Upon  closer  examination  the  superior  valve 
displays  itself  as  a  triangular  membranous  lobe  supported  by  several 
horny  pieces,  at  the  anterior  apex  of  which  there  is  placed  a  stiff  homy- 
hook,  which  is  curved  backwards  (PI.  XXVI.  f.  5).  The  inierior 
valve,  standing  opposite  to  this  superior  one,  is  a  flat  horny  plate  (f. 
6.  a),  with  which  laterally  the  right  dorsal  valve  which  bends  upwards 
(f.  6.  h)  is  united  by  means  of  a  flexible  membrane.     The  yet  remain- 

*  See  Straut,  as  above,  PI.  HI.  f.  5.,  PI.  V.  f.  1—3.,  and  PI.  VI.  f.  1. 
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iBg  portion  of  the  visible  sexual  organs  is  the  penis  (f.  7)j  consisting  of 
a  superior  sheath  formed  by  two  horny  pieces,  which  are  united  by  a 
membrane  (f.  7*  a>)  and  the  central  unequal  upwardly  bent  spine, 
which  is  furnished  at  its  extremity  with  a  barb  (f.  7«  b.). 

The  comparison  of  this  organ  with  that  described  in  the  Coleopiera 
has  therefore  now  no  further  difficulty ;  the  superior  and  inferior  valves 
are  the  case  of  the  penis,  here  indeed  entirely  transformed,  which  is 
united  by  the  withdrawn  prepuce  to  the  surrounding  parts ;  the  penis 
itself  lies  formed  in  it,  at  least  in  situation,  just  as  we  have  described 
it  in  Difticus  and  H^drophilus. 

In  the  Hymenoptera  I  shall  first  describe  the  penis  of  the  saw-fiies. 
When  in  a  Cimbex  the  last  ventral  and  dorsal  plates  are  removed,  upon 
the  dorsal  side  we  immediately  meet  with  the  flexible  anal  valve,  be- 
neath which  the  anus  lies,  and  then  with  a  fold  of  the  prepuce,  which 
separates  the  anus  from  the  sexual  organs.  These  are  entirely  enve- 
loped in  the  membranous  prepuce,  and  consist  of  two  large  hooked 
homy  bodies,  which  are  united  at  their  base  by  a  flexible  membrane  ; 
between  these  likewise  lie  the  bivalved  flexible  penis,  in  which,  pre- 
cisely as  in  the  female  saw-flies,  the  central  bone  is  wanting.  The 
particular  form  of  each  single  joint  is  shown  in  the  figures  8 — 10.  of 
Plate  XXVI.  The  exterior  valve  consists  of  two  joints  (f.  8  and  10. 
a,  h)y  the  upper  one  of  which  is  small,  triangular,  somewhat  arched, 
and  membranous;  the  lower  one  is  larger,  and  consists  of  strong  horn. 
Between  these  lie  the  broad  lobate  valves  surrounded  by  a  homy  ring 
(f.  8  and  10.  c,  c),  from  which  the  canal  of  the  penis  (f.  10.  d,)  is  con- 
tinued. 

In  Vespa^  where  we  find  almost  the  same  parts,  we  immediately 
detect  an  important  difl^erence,  which  is,  that  the  central  unequal  spine 
of  the  penis,  or  here  rather  the  true  penis  itself,  is  present.  Figures 
11 — 13.  of  PI.  XXVI.  show  the  male  organs  of  Vespa  Germanica, 
Two  large  round  valves,  to  which  above  there  is  attached  a  small 
spinoas  process,  form,  as  in  Cimbex,  the  exterior  case  of  the  penis 
(f.  11.  a,  a).  Between  these  exterior  ones  the  inner  ones  lie  (the 
same,  6,  h) ;  these  are  smaller  and  more  delicate  organs,  which  embrace 
the  penis,  they  are  of  the  consistence  of  parchment,  and  distended  at  their 
end  into  a  shovel  shape.  The  penis  itself  is  a  delicate  bent  shovel, 
which,  previous  to  its  dilatation,  is  provided  with  two  barbs  (f.  13.  a, 
a),  and  has  upon  its  superior  side  a  deep  almost  tubular  channel, 
through  which  the  semen  is  ejected. 


216  ANATOMY. 

The  male  (u^ns  of  the  Lepidoptera  (for  exainp]e»  of  DeilepkUti 
£uphorbi4g,  PI.  XXVI.  f.  14—17.)  display  two  exterior  homy  val?ea 
densely  .covered  with  scales ;  these  Talves  are  attached  to  a  projectiiig 
horny  ridge  upon  the  circumference  of  the  sexual  organs  (f.  14.  a,  a). 
Beneath  these  exterior  valves  there  are  two  interior  finer,  pergamenta^ 
oeous,  and  delicately  haired  ones,  which,  as  well  as  the  exterior  ones^ 
correspond  together  at  their  internal  margin,  and  on  their  external 
margin  they  stand  free.  Each  runs  upwards  in  a  sharp  fine  hook,  and 
has  beneath  also,  contiguously  to  it,  a  membranous  process,  which  par- 
tially covers  the  penis  (fig.  15.  displays  this  inner  valve  from  the 
inside).  The  penis  lies  between  these  inner  valves  ;  it  is  a  peigamen- 
taceous  somewhat  bent  tube,  which  is  open  and  emarginate  in  front 
(f.  15  and  170-  Upon  the  upper  side,  opposite  the  valves,  there  is  a 
strong,  bent,  conical  hook,  which  has  anteriorly  two  points,  an  exterior 
one  which  bends  inwards,  and  an  interior  one  which  bends  outwarda, 
and  between  the  points  a  conical  membranous  process  projectSj  which 
is  also  perforated  (f.  14  c),  and  forms  the  anal  tube.  Botb  organs, 
the  former  internal  valves  supplied  with  a  hook,  and  these  hooks  stand* 
ing  opposed  to  it,  serve,  without  doubt,  to  retain  the  female  organs 
during  copulation. 

The  male  sexual  organs  of  the  Dipiera  have,  in  the  majority  of 
cases,  been  noticed  and  figured  by  Meigen  in  his  monograph  of  this 
order  * ;  we  can  therefore  give  a  more  comprehensive  description  of 
them  than  of  the  preceding  ones. 

We  everywhere  find  exterior,  and  even  often  interior  valves,  and 
between  these  the  penis.  The  chief  difference  of  this  order  is,  that  the 
male  sexual  organs  in  most  instances  project  beyond  the  apex  of  the 
abdomen,  and  lie  there  exposed,  which  was  not  observed  in  the  foimer 
ones.  We  thence  find  the  prepuce,  or  rather  that  membranous  hag 
which  contains  the  withdrawn  oigans  to  be  wanting  in  the  Diptera. 
The  differences  of  the  exterior  valves  is  very  great.  In  the  family  of  the 
Tiphlaria  I  formerly  described  a  new  insect  (Nematacera  nubeculosd), 
which  was  distinguished  by  large  projecting  sexual  organs  t.  Two 
thick,  la^,  black,  shining  processes,  each  of  which  bears  a  'small 
bright  brown  reflected  appendage,  form  the  exterior  valves,  and  be* 

*  J.  W.  Meigen*t  Sfttematische  BeachreibaBg  der  bekuinten  Earoptiicfaen,  zwcifiug. 
ligen  Inaekten,  6.  B.  mit  Kupfern,  18L8 — 82. 

f  Comp.  Thon*i  Archiv.  der  Entoinologie,  vol.  ii.  p,  36.  PJ.  I.  f.  13. 
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tween  them  lies  the  short  tabular  penis.  A  very  similar  structure  is 
obsenred  in  the  predacious  flies^  particularly  Laphria  and  Asilus^  yet 
the  large  cylinder  is  bomid  by  membranes  to  the  ventral  side,  in  which 
shape  it  forms  an  actual  bivalved  sheath,  and  the  exterior  superior 
smaller  appendage  is  wanting.  The  sexual  organs  are  most  striking  in 
the  Empidodea  and  Dolickopodea.  In  the  former  we  observe  at  the 
last  abdominal  segment  of  the  male  two  large  orbicular  sloping  valves, 
which  are  fringed  at  their  margin ;  between  their  lower  edges  there  is 
a  long,  fine,  npward  bending  bristle,  which  frequently  lies  completely 
concealed  between  the  valves.  This  bristle,  in  which  we  detect  above 
a  fine  channel,  I  consider  as  the  penis,  and  the  valves  as  its  case.  In 
the  Doiichopodea  the  last  segment  of  the  abdomen,  turned  downwards 
towards  the  venter,  forms  the  case,  which  is  exteriorly  convex  but  inte- 
riorly concave.  The  upper  free  space  of  this  cavity  is  occupied  by  a 
homy  bristle,  which  is  so  united  by  membrane  to  the  case  that  it  can 
open  and  shut  its  aperture.  In  the  thus  formed  cavity  of  the  capsule 
the  penis  lies.  In  front,  attached  to  the  capsule,  there  are  two  bent, 
thiddy  fringed  lamells,  completely  resembling  those  of  Nematocera. 
I  am  alnnost  induced  to  consider  them  as  the  projecting  inner  valves, 
but  they  evidently  serve  as  retaining  organs.  The  anal  aperture 
appears  to  lie  at  the  base  of  these  valves. 

In  the  tme  flies  (Mutca,  for  example,)  the  sexual  organs  are  placed 
at  the  Tcntral  portion  of  the  last  abdominal  segment,  the  ring  of  which 
is'  hook -shaped,  and  by  this  curve  covers  the  organs  in  repose;  con- 
tiguous to  the  apex  of  the  hook  there  are  two  moveable,  differently 
formed  valves,  the  anali^es  of  the  exterior  valves  in  DoUchopuSf  and 
in  front  lies  the  anal  aperture ;  further  towards  the  venter,  about  the 
middle  of  the  hook,  we  find  the  sexual  organs,  likewise  two  either 
longer  or  ahorter  bent  lobes,  between  which  a  simple,  thicker,  some- 
times clavate  process  (the  penis)  is  displayed.  Occasionally  we  find, 
oimtiguottsly  to  the  larger  ones,  two  small  triangular  valves,  which  may 
be  considered  as  the  inner  valves  of  the  penis. 

Among  the  Hemipiera,  we  discover  in  Cercopis  sanguinolenta,  both 
in  the  male  and  in  the  female,  two  valves  at  the  apex  of  the  abdomen, 
of  which  those  of  the  male  are  considerably  the  smallest ;  when  opened, 
we  find  at  the  base,  between  the  exterior  valves  (PI.  XXVI.  f.  18.), 
two  smaller  internal  ones  (f.  19.  a,  a),  which  are  attached  by  articula- 
tion to  two  homy  bones.  Between  these  the  penis  rises,  and  is,  like 
the  ovipositor,  a  long,  thin,  setiform  organ,  which  is  not  however,  as  in 
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the  female,  bent  from  below  upwards,  but  from  above  downwards,  so 
that  its  apex  is  turned  towards  the  venter.  This  point  is  broader  than 
the  upper  part,  and  apparently  armed  with  barbs ;  consequently,  during 
copulation  thL<«  spine  of  the  penis  must  penetrate  the  ovipositor  of  the 
female  if  impregnation  is  to  follow.  This  insertion,  however,  is  only 
made  possible  by  the  hook-shaped  bend  of  the  penis,  and  much  faci* 
litated  when  the  male  sits  upon  the  female.  The  Citada  actually  thus 
copulate,  but  as  their  connection  lasts  long,  and  the  constant  weight  of 
the  male  would  be  oppressive  to  the  female,  the  male  descends  and  aits 
by  her  side,  when  she  reposes.  In  some  genera  of  the  Cicada,  the 
pronotum  of  which  is  decorated  with  processes  and  excrescences,  which 
project  beyond  the  abdomen  {Combophora,  Centrotus),  the  first  act  of 
copulation  can  only  take  place  in  this  position  of  both  sexes  by  the  side 
of  each  other,  they  have  probably  therefore  a  laterally  bent  penis  for 
this  purpose,  thus  adapted  like  the  downward  bent  one  of  the  pre^ 
ceding. 

We  must  lastly  notice  the  male  sexual  organs  of  the  Libellula,  as 
the  erroneous  opinion  has  long  been  held  that  they  were  not  placed  at 
the  end  of  the  abdomen,  but  at  its  base.  This  very  naturally  ori- 
ginated from  the  observation  that  the  male  flew  about  with  the  female^ 
retaining  her  anal  extremity  by  means  of  clasps  affixed  to  the  base  of 
the  abdomen,  and  at  the  same  time  held  her  in  the  neck  by  the  valves 
of  its  tail,  apparently  occupied  in  copulation.  But  if  we  closely  exa- 
mine the  economy  of  these  insects  we  shall  speedily  observe  that  malea 
fly  at  sitting  females  and  rapidly  copulate  with  them,  like  the  flies. 
The  preceding  is  merely  an  expression  of  mutual  inclination  which 
announces  itself  by  the  male  suddenly  seizing  the  female  by  the  neck 
in  the  air,  and  thus  flying  off*  with  her,  whilst  she,  if  willing  to  respond 
to  this  attention,  bends  up  her  anal  end  to  the  male,  and  allows  herself 
to  be  there  seized  by  the  hooks  lying  at  the  base  of  the  abdomen ;  but 
if  not  pleased  "with  his  caresses  she  does  not  bend  her  body  up  to  him, 
but  hangs  it  freely  and  unparticipant  downwards,  and  remains  like  a 
prisoner  attached  to  his  chain. 

The  following  is  an  accurate  description  of  the  male  sexual  organs, 
as  well  as  of  the  prehensile  oi^an  at  the  base  of  the  abdomen. 

We  observe  in  the  ventral  plate  of  the  ninth  abdominal  segment  an 
aperture  closed  by  two  valves  (PI.  XI.  No.  3.  f.  9.  d).  If  these  valves 
are  removed  we  detect  a  small,  delicate,  homy  ring,  which  surrounds 
the  aperture  of  a  short  membranous  cylinder ;  this  cylinder  is  the  penis. 
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and  the  anterior  aperture  the  extremity  of  the  ductus  ejaculatorius. 
Hence  the  structure  of  the  external  sexual  organ  is  as  simple  as  that  of 
the  internal  ones  (comp.  §  147*  II.  a.  1). 

The  prehensile  organ  which  lies  in  the  ventral  plates  of  the  second 
sod  third  abdominal  segments  has^  on  the  contrary,  the  following  very 
complicated  structure.  In  the  first  place  it  consists  of  three  divisions 
(the  same,  4  and  5.  a,  b,  c),  the  two  first  of  which  are  placed  upon  the 
feoond  abdominal  segment,  which  apparently,  at  least  laterally,  consists 
of  two  rings  ;  the  third  forms  the  ventral  plate  of  the  third  abdominal 
segment  The  foremost  division  (the  same,  f.  8.)  consists  of  six 
homy  pieces^  two  anterior  triangular  smaller  ones  (a,  a),  to  which  two 
bnnd,  thin,  sithe-shaped  hooks,  which  are  bent  backwards,  are  attached 
(Cf  c),  and  the  two  posterior  ones  {6,  b),  which  are  harder  and  more 
horny,  and  distend  about  the  middle  of  the  upper  edge  into  two  dentate 
knobs.  At  d  the  anterior  and  posterior  parts  are  jointed  together 
(f.  5.  represents  them  extended,  f.  8.  as  bent),  and  in  the  centre,  be- 
tween the  two  pieces  of  the  two  sides,  there  remains  a  deep  unoccupied 
cavity  (f.  4).  The  second  division  (f.  4  and  5.  b.  and  f.  7-)  consists  of 
two  pieces.  The  larger  basal  piece,  or  the  ventral  plate  of  the  second 
dirision  of  the  second  abdominal  segment,  is  quadrate,  provided  at  each 
uigle  with  a  small  process,  which  unites  it  with  the  preceding  and 
sttcoeeding  pieces.  Its  central  surface  is  deeply  excavated,  but  it  rises 
on  each  side  to  a  strong  obtuse. point  directed  forwards  (f.  ?•  o),  the 
posterior  edge  of  which  is  thickly  beset  with  bristles.  Between  the 
two  points,  consequently  in  the  concave  central  groove,  the  second  piece 
lies,  which  ia  a  genieulated,  strong,  homy  hook  (f  7*  b) ;  it  is  united 
to  the  first  by  a  joint,  and  can,  by  means  of  muscles,  be  directed  up« 
wards  or  withdrawn  within  the  groove.  The  third  division  (f.  4  and 
^-  c.  f.  6.)  is  lai^r  than  the  preceding,  and  appears  as  a  bellied,  ante- 
riorly concave,  homy  knob  (f.  6.  a),  which  is  entirely  filled  with 
mosdes.  These  muscles  serve  to  move  the  anterior  hook- shaped  ap- 
pendage, which  again  consists  of  two  parts,  the  large,  bellied,  double- 
pointed  hook  (f.  6.  6),  and  the  thin,  cylindrical,  double-jointed  pedicle 
(f>  6.  c,  e)  ;  this  hook,  in  repose,  lies  in  the  anterior  excavation  of  the 
homy  bladder  (f.  6.d),  but  when  raised  it  stands  free  upon  the  two- 
jointed  pedicle.  A  long,  thick,  pointed,  homy  bone  proceeds  backwards 
^^  the  homy  bladder,  and  it  is  this  which  forms  the  ventral  plate  of 
the  third  abdominal  segment  (f.  4  atfd  5.  c.  e,  e,). 

But  this  entire  prehensile  organ  is  only  seen  when  the  reflected 
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margins  of  the  dorsal  plate  are  bent  backwards ;  it  is  therefore  entirelj 
covered  in  diry  Specimens  by  these  margins.  Males  may  be  detected  in 
dry  specimens  by  their  above  thick  and  clavate  abdomen  and  the  larger 
anal  fangs. 

III.  Devblopmsnt  of  the  Sexual  Organs  dubino  the 
^  Metamorphobis. 

§.  153. 

It  is  evident,  from  Herold's  *  admirable  investigation,  that  even  in 
the  larva  the  germ  of  the  future  sexual  organ  exists,  and  indeed  with 
the  distinctions  of  male  and  female.  The  larvae  are  bom  with  these 
extremely  small  and  almost  invisible  germs,  which  develope  themselves 
in  the  course  of  its  life,  but  most  rapidly  in  its  pupa  state^  until  they 
attain  their  perfect  development  upon  the  full  growth  of  the  insect. 

If  a  caterpillar  be  opened  from  the  back  we  observe,  after  the  removal 
of  the  fatty  substance,  upon  the  intestinal  canal,  at  the  posterior  ex* 
tremity  of  the  large  stomach,  two  small  roundish  or  ovate  bodies,  from 
which  posteriorly  two  filaments  originate,  which  unite  into  one  canal 
dose  to  the  anus,  beneath  the  rectum.  But  these  filaments  are  so  fine, 
or  become  so  in  their  progress,  that  they  almost  entirely  disappear,  and 
could  not  be  followed  to  their  termination  by  even  the  exact  Lyonnet.  If 
several  larvae,  of  different  ^sizes  and  of  different  ages,  be  opened^  we 
soon  detect  differences  in  these  bodies,  for  some  (in  Poniia  brassicce) 
are  more  cylindrical,  and  are  divided  by  constrictions  into  four  suc- 
cessive vesicles ;  the  others  are  flatter,  subsequently  ovate,  and  by  con- 
strictions from  the  apex  to  the  base  divided  into  four  equal  lobes.  In 
the  first  instance  they  were  small  testes,  and  in  the  last  the  preformed 
egg-bags  or  ovaries.  This  form  remains  unchanged  until  the  pupa 
state,  merely  increasing  considerably  in  size. 

In  the  pupa  state  the  convoluted  sperm  ducts,  and  in  the  female  the 
gluten  glands  and  ovaries,  gradually  develope  themselves.  In  Poniia 
BrassicfB,  upon  which  insect  Herold  made  his  observations,  the  testes 
gradoally  approach  each  other  until  they  lie  contiguously.  From  this 
common  situation  a  closer  connection  is  formed,  the  sides  press  each 
other  flat,  and  by  degrees  intimately  join  together.  Thus,  from  the 
earlier  separate  four-chambered  testes  a  simple  globose  testis  is  formed, 

*  Ent^keluagageiehidite  der  ScbmettorliDge.  Knpcl  and  Marbai^,  1815,  4 to.  with 
platet. 


ORGANS   OF    GKNKRATION.  221 

which,  however^  probably  still  consists  of  two  divisions.  From  the  two 
hemispheres  two  delicate  canals  originate,  whichj  after  many  con* 
volutions,  unite  into  a  thicker  bat  frequently  twisted  duct ;  cIos^ly  in 
front  of  this  point  of  union  there  hangs  attached  to  the  sperm  duct  a 
simple,  long,  twisted  vessel,  the  gluten  gland.  The  development  of  the 
female  organs  displays  itself  most  conspicuously  in  the  enlargement  of 
the  ovaries.  They  increase  at  the  expense  of  the  egg  canal,  which  by 
degrees  disappears,  whereas  the  egg  bags  become  continually  longer,  and 
twist  themselves  up  spirally  from  the  apex.  The  point  of  union  of  the 
very  short  oviducts  distends,  and  sends  off  on  one  side  a  pointed  bag, 
the  sperxnatheca;  opposite  this  a  smaller  vesicle  is  formed  with  a  longer, 
vascular^  much  twisted  appendage:  farther  below,  near  the  vagina, 
there  hang  also  vascular,  long,  and  much  convoluted  gluten  glands. 
Both  distend  prior  to  their  emptying  themselves,  and  perforate  the 
vagina  at  one  spot  close  to  each  other. 

This  is  an  abbreviation  of  the  description  of  all  the  changes  made 
daring  the  pupa  state.  In  the  caterpillar  there  were  simple  bodies 
with  simple  delicate  canals,  these  pass  over  unchanged  in  form  into  the 
pupa,  and  undergo  by  degrees  changes  the  results  of  which  are  the  lastly 
completed  structure  which  we  have  here  briefly  indicated. 

It  is  to  be  regretted  that  similar  observations  have  not  been  made  in 
several  insects,  and  although  they  would  probably  present  the  same 
results,  many  attractive  details  worthy  of  observation  might  be  pro* 
duced.  This  refers  particularly  to  insects  with  an  imperfect  metamor- 
phosis. We  may  ask  does  the  transformation  of  the  sexual  organs  take 
the  same  course,  and  the  bodies  present  at  the  birth  of  the  larva  merely 
enlax^,  and  only  when  the  pupa  displays  the  rudiments  of  wings 
undergo  a  general  change  of  form  ?  If  we  refer  to  the  development 
of  the  intestinal  canal,  which  has«  from  the  commencement,  its  per&ct 
form,  we  might  feel  inclined  to  adopt  the  same  view  of  the  sexual 
organs:  we  must  confess  that  this  view  appears  the  most  natural, 
because  in  insects  with  an  imperfect  metamorphosis  the  pupa  state 
appears  to  be  of  infinitely  less  importance,  and  that  consequently  the 
changes  in  structure  cannot  be  so  great  aSs  there  where  the  pupa  sleep 
steps  in  so  abruptly  between  the  preceding  and  succeeding  active 
periods.  And  may  not  possibly  the  lesser  degree  of  importance  wbicli 
the  pupa  state  possesses  in  insects  with  an  imperfect  metamorphosis  be 
the  consequence  of  their  smaller  change  in  the  form  and  structure  of 
their  oigans  ?  Could  not,  therefore,  as  the  change  of  the  internal  organs 
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is  significantly  less,  and  is  indeed  limited  almost  to  the  mere  enlarge- 
ment of  the  parts  with  their  retained  relative  proportions,  the  change 
also  of  the  exterior  form  almost  entirely  disappear,  and  the  whole 
metamorphosis  be  restricted  to  a  mere  increase  of  size  ?  Truly  both 
phenomena  are  dependent  upon  the  same  law,  neither  eventually  con- 
ditionates  the  other,  but  must  proceed  from  the  similar  results  of  one 
cause,  which  evidently  lies  deeply  concealed  in  the  mode  of  derelop* 
ment  of  the  Articulata  in  general,  so  that  where  the  one  displays 
itself  the  other  must  also  be  present  and  both  synchronical,  neither 
the  latter  before  the  former  nor  the  former  before  the  latter. 

IV.   Conformity  op  the  Fbmale  and  Male  Sexual  Organs. 

At  their  origin  both  kinds  of  sexual  organs,  as  we  have  seen  above^ 
appear  under  the  same  form.  This  same  conformity,  displayed  at  the 
origin  of  the  internal  parts,  is  also  subsequently  verified  in  their 
fully  developed  state.  This  law  we  laid  down  at  first  (§  131), 
for  both  systems  have  the  same  object,  viz.  the  elaboration  of  the 
productive  fluid.  In  the  female  it  is  the  ovaries  where  this  fluid 
is  prepared,  and  in  the  male  we  call  the  same  organ  the  testes. 
Very  similar  ducts  originate  from  these  organs,  and  afterwards  unite 
and  conduct  by  a  single  narrower  canal  their  contents  outwards.  This 
conformity  of  importance  in  the  internal  parts  is  still  more  strongly 
proved  by  their  forms  frequently  agreeing.  Long  cylindrical  testes 
correspond  with  long  ovaries  filled  with  the  germs  of  eggs  {LibelluUe') ; 
ramose  bunched  testes  with  similarly  formed  fasciculated  ovaries 
iJLocusla,  Gryllolalpa )  ;  compound,  radiating,  and  united  testes  with 
similar  radiating  or  twirling  ovaries  ( Lamellicomia) ;  indeed^  some- 
times the  number  of  the  single  bodies  in  the  testes  agrees  with  the 
number  of  the  egg  tubes  {Melohniha,  Trichius).  It  is  very  natural 
that  the  appendages  should  be  diflferently  formed,  for  their  function 
is  diflFerent;  for  example,  the  spermatheca  of  the  female  organs  must 
necessarily  be  wanting  in  the  male,  for  they  receive  no  sperm,  but 
only  impart  it :  consequently  the  reciprocal  conformity  of  the  internal 
organs  is  so  evident,  that  it  is  difficult  to  doubt  it ;  but  this  is  not 
the. case  with  the  exterior  organs.  In  these  no  endeavour  has  yet 
been  made  to  trace  the  parts  of  the  one  in  the  other  sex.  But  if 
the  descriptions  be  compared  which  we  have  given  of  the  male  and 
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female  external  organs,  it  will  escape  no  one  that  this  analogy  is  not 
to  be  overlooked  even  here.  The  female  vagina  in  every  case  consists 
as  well  as  the  male  penis  of  homy  bones  and  ridges,  which  are  united 
together  by  a  flexible  membrane.  If  these  horny  bones  project  beyond 
the  abdomen  they  form  the  acnleus,  or  ovipositor^  which  has  in  its 
entire  structure  the  most  striking  resemblance  to  the  penis.  Exterior 
valves  enclose  in  both  organs  an  internal  compound  instrument,  which 
is,  as  in  the  grasshoppers,  where  we  observe  the  ovipositor,  either  con- 
nate with  the  exterior  valve,  or  it  remains  separated,  as  in  the  bees, 
wasps,  and  other  Hymenoptera.  If  the  structure  of  such  a  sting  be 
compared,  for  example,  with  the  penis  of  Dyticus,  we  observe,  even  to 
their  smallest  parts,  the  greatest  conformity ;  indeed,  even  the  male 
sexnal  organs  of  the  wasp  agree  both  in  number  and  situation  of  the 
individual  parts  wholly  with  the  sting  of  the  female.  Henceforward, 
therefore,  it  may  not  appear  hazardous  to  assert  that  the  ovipositor,  by 
its  conformity  in  structure  with  the  penis,  is  analogous  to  the  clitoris 
of  the  superior  animals.  This  view,  which  as  far  as  I  know  is  here 
propounded  for  the  first  time,  may  be  liable  to  many  objections,  parti- 
cularly by  those  who  do  not  pass  beyond  forms,  nor  elevate  themselves 
to  general  simplifying  and  retrogressive  ideas;  but  they  who  study 
natural  bodies  in  conjunction  with  others  furnished  merely  as  orismo- 
logical  auxiliaries,  and  who  are  not  merely  acquainted  with  ten  thou- 
sand species,  but  endeavour  also  to  discover  the  general  results  of  their 
various  vital  phenomena,  will  here  discover  a  not  wholly  unimportant 
contribution  to  the  solution  of  this  great  problem. 

We  have  above  sho^vn  that  the  jointed  ovipositor  is  no  peculiar  organ 
belonging  only  to  the  sexual  ones,  but  rather  the  mere  apex  of  the 
abdomen ;  its  divaricating  in  form  therefore  cannot  be  cited  as  a  proof 
against  the  opinion  that  the  ovipositor  is  a  transformed  clitoris. 
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THE   ANIMAL    ORGANS. 


§  155. 

The  animal  organs  forming  the  systems  of  sensation  and  of  motion  no 
longer  display  a  vegetable^  but  strictly  a  peculiar,  purely  animal  character. 
We  have  before  seen  (§  91.)  that  the  intestinal  canal,  the  vessels^  and 
the  sexual  organs  are  mere  repetitions  of  vegetable  struct ure,  in  as  fur 
as  they  consist^  like  plants,  of  cells,  tubes,  and  thin  membranes.  But 
we  will  now  show  that  these  aboriginal  forms  of  structure  are  not 
found  in  the  animal  organs. 

§  156. 

The  characteristic  of  the  animal  organs  is  rigidity  and  solidity.  The 
entire  organ  is  throughout  of  one  structure,  and  consists  of  one  sub- 
stance, which,  indeed,  still  frequently  is  encircled  and  enveloped  by 
vegetable  forms,  as  for  example,  the  nerves  by  thin  membranes,  but 
these  constitute  no  essential  component  of  the  peculiar  mass,  but  serve 
only  as  its  exterior  case  or  covering. 

If  we  examine  the  muscular  system  with  this  view  we  detect 
solid  fibres,  which  lie  closely  contiguous  to  each  other,  forming  by 
degrees  larger  bundles,  that  unite  into  an  entire  muscle.  Even  the 
nicest  microscopal  investigation  detects  no  cavity  in  the  individual 
fibres,  but  a  solid  uniform  mass  throughout.  Each  solitary  fibre  there- 
fore is  entire  in  itself,  which,  indeed,  upon  close  examination,  appears 
divided  by  transverse  partitions,  and  thus  seems  composed  of  cells, 
but  in  fact  it  is  not  so.  But  we  therein  see  the  difference  between  the 
vegetable  and  animal  organs,  the  former  growing  into  an  individual 
organ  from  the  aggregation  of  consecutive  vesicles  or  cells,  and  the 
latter  from  the  union  of  solid  globules.  The  animal  organs,  therefore, 
originate  in  the  following  manner;  it  is  not  ceUs  added  to  cells,  but 
globules,  animal  atoms,  as  some  naturalists  express  themselves,  to 
globules ;  a  row  of  such  globules  form  a  solid  fibre,  several  fibres  the 
bundle,  and  several  of  these  a  muscle  or  nervous  cord. 
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§157. 

The  nerves  consist  of  filaments  formed  of  consecutive  globules^  which 
are  enclosed  by  delicate  membranes^  the  nervous  sheath  (^neurilema). 
These  globules  are  originally  very  loosely  connected,  and  the  nervous 
filament  then  appears  as  a  delicate  tube^  which  encloses  a  finely  granu- 
lated pappy  mass.  The  first  commencement  of  the  nerves  is  found  thus 
formed,  as  well  in  the  embryo  of  the  superior  animals^  as  also  in  all 
the  inferior  ones ;  and  whilst  the  latter  constantly  retain  this  original 
grade  of  organisation,  the  nervous  cord  in  the  former  works  itself  on 
in  the  progress  of  development  to  a  firm  filament.  Several  of  such 
little  filaments  form  the  thicker  nervous  thready  and  several  of  these 
the  nervous  cord.  Where  such  threads  or  cords  anastomose^  meet, 
or  cross  each  other^  the  nervous  mass  distends  and  forms  knots  or 
ganglions.  That  which  we  call  the  brain  (cerebrum),  which  lies  in 
the  head,  is  the  largest  and  most  perfect  of  these  ganglia,  and  indeed 
composed  of  various  other  smaller  ones,  and  in  its  most  perfect  state  of 
onoinisatioa  it  is  even  furnished  with  internal  cavities.  It  is  there 
first  found  where  a  head  is  first  distinctly  separated  from  the  body.  In 
all  animals  without  a  head  there  is  no  brain^  but  their  nerves  originate 
from  a  nervous  ring  encompassing  the  pharynx,  which  here  represents 
the  central  organ  of  the  nervous  system,  whilst  the  brain,  where  it  is 
developed,  gradually  draws  this  ring  to  it. 
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THIRD  CHAPTER. 


OF  THE  ORGANS  OF  MOTION. 


§  158. 

*  TaB  oxgAiiB  of  motion  fiiU  into  twa  different  sub-systems,  namely, 
the  MiTiY».  or  musoles,  and  the  pabsivk.  The  passive  organs  of 
BBM)tioa  are,  aeeofding  to  the  different  groups,  subject  to  great  changes, 
and  only  in  the  higher  grades  of  animal  development  do  they  become  a 
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distinct  system^  namely^  as  boneSj  whereas  beneath  the  grade  of  the 
Fertebrata,  they  by  degrees  disappear^  and  only  here  and  there,  for 
example,  in  the  Sepia,  the  Echinus,  and  some  of  the  MolluscOy  viz.  the 
Terebratula,  we  observe  more  or  less  important  precursory  formations. 
Jn  general,  in  the  Invertebrata,  the  exterior  integument  supplies  the 
place  of  the  passive  organs  of  motion,  and  this  is  especially  the  case  in 
the  Articulala,  In  the  Crustacea  and  Insecia,  by  their  solidity  in 
the  latter,  and  their  quantity  of  calcareous  matter  in  the  former,  they 
imitate  the  structure  of  the  true  bones,  and  send  off  processes  into  the 
cavities  they  form,  which  serve  for  the  insertion  of  muscles,  and  in 
every  respect  appear  as  a  skeleton  removed  to  the  exterior.  As  such 
we  shall  also  consider  and  describe  them.  But  it  must  nevertheless 
not  be  overlooked,  that  the  integument,  as  a  continuation  of  the 
intestinal  canal,  and,  as  it  were,  a  re-fold  of  it,  belongs  properly  to 
the  vegetative  organs,  and  will  in  its  structure  present  us  with  many 
Accordances  with  it. 

I.    Of  the  Hornt  Skeleton* 
§  159. 

The  exterior  of  insects  displays  itself  to  us  as  a  horny  case,  which  is 
sometimes  firm  and  brittle,  and  sometimes  soft;  and  flexible,  and  in  this 
last  consistence  it  takes  the  appearance  of  a  leathery  skin.  This  case 
acquires  its  greatest  consistency  and  strength  in  the  beetles,  especially 
in  their  elytra,  which  wholly  consist  of  it :  we  find  it  very  soft  and 
thoroughly  membranous  in  many  of  the  Diptera,  in  most  of  the  parasitic 
insects,  and  in  almost  all  larvae,  particularly  in  the  orders  with  an 
imperfect  metamorphosis.  Also  at  first,  when  the  developed  head 
quits  the  pupa  case,  the  homy  integument  is  in  all  equally  soft,  flexible, 
thicker  and  more  fleshy,  and  even  colourless ;  but  after  a  few  hours  it 
attains  firmness,  and  gradually  hardens  in  the  course  of  a  few  days  to 
a  rigid  coat  of  mail,  in  which  the  insect  is  clothed.  This  change  of  the 
integument  takes  place  chiefly  under  the  influence  of  the  solar  light; 
the  colours  particularly  are  brought  out  by  its  impulse.  For  as  plants 
which  grow  in  the  dark  take  a  pale  or  light  yellow  colour,  insects  also 
retain  this  their  original  colour  as  long  as  they  are  withheld  from  the 
effects  of  the  light  of  the  sun.  Thence  also  is  it  that  the  majority  of 
larvae  which  live  in  the  earth,  or  in  dark  shady  places  to  which  the 
light  of  day  cannot  approach,  are  generally  pale  or  colourless,  and  it  is 
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thence  also  that  even  perfect  insects  remain  paler  if  they  cannot, 
fmmediately  after  quitting  the  pupa  case^  get  into  the  light.  From  the 
same  cause  the  many  pale  yellow  and  particularly  red-le^ed  varieties 
proceeds  which  we  ffnd  in  vast  numbers  of  truly  black  or  dark  brown 
insects.  We  must  not,  however,  wholly  attribute  the  darker  colouring 
aolely  to  the  effect  of  light ;  the  increase  of  the  pigment  during  the 
development  contributes  much  to  it;  indeed  in  some,  namely,  such 
insects  whose  legs  remain  of  a  bright  red  whilst  the  remainder  of  their 
body  is  entirely  coloured,  it  may  be  caused  by  the  original  deficiency 
of  the  pigment.  The  effect,  nevertheless,  of  the  solar  light  is  incon- 
testable, particularly  in  the  colouring  of  larvas,  for  they  are  always 
variegated,  when  from  the  very  commencement  of  their  life  they  have 
been  exposed  to  the  influence  of  light,  as  is  the  case,  for  example,  in 
the  caterpillars  of  the  Lepidopiertu  Also,  from  variegated  or  coloured 
iarvs,  beautiful  insects  appear  to  proceed,  whereas,  from  dull-coloured 
ones,  or  pale  or  brown,  and  more  or  less  uniform  coloured  ones,  brown 
or  black  insects.  But  the  influence  of  climate  is  great  upon  colour, 
and,  as  is  ^  the  case  in  birds,  we  find  the  most  beautiful  and  gayest 
colours  in  tropical  climates,  whereas,  the  farther  they  recede  from  the 
equator,  the  darker  or  blacker  they  become. 

§  160. 

In  structure,  the  homy  case  displays  considerable  conformity  with 
the  skin  in  general,  as  it,  like  the  latter,  consists  of  three  layers. 

The  exterior  and  finest  layer,  the  epidermis,  is  smooth,  shining^  and 
without  any  traces  of  texture.  It  admits  of  being  pretty  easily 
separated  from  the  coloured  mucous  rete  lying  beneath  it,  particolarly 
in  recently  developed  insects  which  have  been  preserved  in  spirits  of 
wine,  and  is,  in  the  majority  of  cases,  colourless,  sometimes,  too,  even 
brown,  and  but  rarely  black,  if  the  mucous  layer  be  black.  Uncoloured, 
9A  it  is  in  genera],  it  is  transparent  and  perforated  all  over  with  small 
holes,  through  which  hairs  rise  when  the  surface  is  hirsute. 

Beneath  this  delicate  epidermis  we  find  the  soft  rete  mucosum. 
According  to  Straus  it  consists  of  two  layers,  of  which  the  superior 
smooth  one  is  closely  attached  to  the  epidermis,  and  this  alone  appears 
coloured.  It  is  here  we  find  the  cause  of  the  glittering,  brilliant 
colours  with  which  many  insects  are  so  beautifully  decorated.  In  the 
butterflies  and  many  others,  namely,  those  with  membranous  wings, 
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it  it  brown  or  blacky  as  also  in  all  black  insects.  The  Tariegated 
eolours  of  these  do  not  therefore  proceed  from  the  rete  muooflum,  but 
from  the  hairs  clothing  the  surfiEu^.  In  spirits  of  wine  it  readily 
dissolves,  and  thereby  distinguishes  itself  from  the*  second  layer,  which 
is  not  affected  by  this  fluid,  and  is  uniformly  black  or  brown  *.  This 
second  layer  is  always  covered  by  the  first,  and  participates  no 
otherwise  in  the  colouring  than  by  its  darkness  or  depth  adding  to 
the  intensity  of  the  colour  above  it.  In  bright  yellow,  red,  or  white- 
coloured  spots,  it  passes  over  naturally  into  this  lighter  colour. 

The  third  and  thickest  layer  of  the  general  integument,  the  true 
leathery  tunic  (corium),  betrays  itself  by  its  want  of  colour  and 
peculiar  structure.  It  consists,  namely,  of  several  layers  of  crossing 
fibres,  which  form  a  light  web,  which,  upon  a  careful  investigation, 
again  admit  of  separating  into  several  stratifications.  Straus  some- 
times distiuguished  three,  at  others  five,  auch  strata.  In  the  elytra  of 
beetles  (for  example,  Dyticus,  Hydrophilus),  there  are  delicate  canals 
between  these  layers,  in  which  the  formative  juice  seems  to  flow, 
when  the  still  small  and  short  elytra  of  a  just-developed  beetle 
distend  themselves ;  it  is  also  in  this  leathery  skin  that  the  bulbs  lie 
which  surround  the  roots  of  the  hair.  It  is  from  this  skin  that  the. 
roots  of  the  hair  derive  their  nutriment.  A  perforated  point,  many  of 
which  are  displayed  upon  the  surface  of  a  multitude  of  insects,  is  a 
partial  deficiency  of  this  leathery  skin.  The  epidermis  and  mucous 
rete  consequently  sink  down,  and  thus  a  hollow  is  formed  upon  the 
surface.  At  the  same  time,  the  sinking  of  the  harder  epidermis  fwms 
a  point  to  which  the  layers  of  the  corium  are  attached ;  thence  is  it 
tiiat  the  points  stand  generally  in  rows  ^between  two  fibres  of  the 
corium,  for  example,  the  three  rows  of  punctures  in  the  large  water 
beetles.  (JDyticut  marginaliSf  &c.} 

k  161. 

We  roust  consider  the  spines,  hairs,  and  scales  which  cover  the 
surface  of  many  insects,  as  portions  of  the  integument,  and,  as  it  were, 
partially  separated  parts.  All  three  are  like  the  homy  substances  of 
the  higher  animals,  for  example^  the  claws  and  nails,  not  processes  of 

*  According  to  Straus,  ^16.  Bat  if  the  bTigfatly-eoloared  layer  diNolves  in  spiritf  of 
wine,  how  is  it  that  to  many  insects,  namely,  the  blue  metallic  or  aeneous  ones,  retain. 
tb«ir  colour  in  this  fluid,  and  only  some  red  or  yellow  ones  lose  it  ? 
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ril  three  layers  of  the  integument^  but  merely  of  the  epidermis :  they 
are  thickenings^  and  also  often  folds  of  this  cutide^  between  which  a 
oolonred  mucous  has  inserted  itself.  The  corium  is  wholly  wanting  in 
these  excrescences.  They  are  divided  according  to  their  form,  and  the 
mode  of  their  connection  with  the  integument,  into  three  different 
groups. 

1.  Spines  differ  from  the  following  kinds  by  their  wanting  a  true 
root.  They  are  therefore  nothing  else  than  pointed,  spinous,  conical  or 
hair-shaped  processes,  which  rise  from  the  surface,  and  correspond 
with  it  in  colour  and  clothing.  As  a  clear  proof  that  they  are  mere 
processes  of  the  epidermis,  or,  when  they  appear  more  bossed  (as  in  the 
great  horns  of  the  Lamellicornia),  that  they  are  true  elevations  "of  the 
entire  int^ument,  is  evinced  by  the  circumstance  that  they  produce  a 
hole  in  the  horny  substance  exactly  of  their  own  dimensions  when 
broken  off.  These  spines  are  not  always  simple,  they  are  frequently 
ramose,  furcated,  &c.,  as  is  observed  in  many  of  the  caterpillars  of 
the  butterflies. 

2.  Hairs  are  distinguished  from  spines  in  the  first  place  by  their 
greater  fineness  and  lesser  compass,  in  combination  with  their  pro- 
portionately greater  length,  and  again  by  the  root  by  which  they  are 
attached  to  the  true  skin.  The  hairs  themselves  are  fine  homy 
cylinders,  which  frequently  split  and  divide  themselves  like  feathers, 
and  send  off  branches,  thus  acquiring  a  resemblance  to  the  feathers  of 
birds.  In  general,  they  are  largest  in  compass  at  their  centre,  and 
become  narrower  towards  both  ends :  the  lower  one  is  somewhat  puffed 
out,  and  has  a  small  knob  which  sticks  in  the  corium  like  a  bulb  in  the 
earth,  and  this  is  surrounded  by  a  thin  shell,  exactly  as  is  the  case  in 
the  large  beard  bristles  of  the  mammalia. 

3.  The  SCALES  are  properly  flattened  hairs :  this  is  shown  not  only 
by  their  gradual  transition  from  linear  to  lanceolate  and  spatulate 
forms,  but  also  their  exactly  similar  connection  with  the  integument. 
Each  scale,  namely,  has  a  small  pedicle,  at  the  end  of  which  the 
knobby  root  is  placed,  and  this  with  its  sheath  is  inserted  in  the  skiu. 
The  scale  itself  is  either  round,  pointed,  forked,  toothed  like  a  saw 
in  front,  and  provided  with  longitudinal  furrows  upon  its  superficies. 
Even  this  delicate  and  sometimes  extremely  fine  membranous  eX' 
crescence  consists  of  two  layers  of  the  epidermis,  between  which  the 
pigment  has  inserted  itself.  In  the  iridescent  butterflies  (Apatura 
Iris,  A,  Ilia,  Papilio  Adonis,  Menelaus,  Sfc),  the  scales  of  the  wings 
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play  into  a  multitude  of  shades  of  colour^  which  proceeds^  according  to 
Roesel^^  from  their  peculiar  structure.  For  whilst  the  surfieioe  of  tho 
scales  in  the  majority  is  £at^  there  are  in  these  sharp  parallel  ridges 
just  as  if  small  prisms  were  affixed  to  their  sur£use.  These  prisms  are 
all  upon  one  side  of  a  metallic  blue^  and  on  the  other  side  brown,  and 
thus  according  to  the  position  of  the  butterfly  or  of  the  observer,  either 
the  brown  or  blue  side  is  seen  f. 

§  162. 

With  respect  to  the  chemical  composition  of  the  common  integument, 
it  agrees  in  general  with  that  of  horn,  but  nevertheless  distinguishes 
itself  by  some  peculiarities  of  proportion,  which  may  probably  arise 
from  its  being  formed,  by  not  merely  the  epidermis  alone,  but  by  the 
entire  cutis. 

All  true  homy  substances  consist  essentiaUy  of  azote  (10.  2 — 
12.  3),  carbon  (43.  0—53.  7),  hydrogen  (7.  3—2.  8),  and  oxygen 
(29.  3—31.  2).  In  nitric  acid  it  is  dissolved,  as  also  in  a  heated 
solution  of  potass  or  natron ;  muriatic  acid,  on  the  contrary,  is  coloured 
only  by  degrees.  Boiling  water  somewhat  distends  horn,  but  a 
continued  boiling  in  closed  vessels  (Papin's  digester)  will  nearly 
entirely  dissolve  it.  Dry  distillation  developes  ammonia  in  com- 
bination with  carbonic  acid,  as  well  as  other  hydrocarbonates,  and  a 
peculiar  stinking  oil,  besides  which  other  burnt  matter  remains 
which  is  no  further  changeable. 

The  homy  case  of  insects  has  as  externally,  a  uniform  consistency, 
so  also  internally,  the  same  constituents;  but  it  nevertheless  dis- 
tinguishes itself  by  the  admixture  of  a  peculiar  substance,  vis. 
chitine  or  entomeilin,  as  well  as  by  small  portions  of  phosphate  of 
lime  and  magnesia.  The  peculiar  character  of  chitine  is  its  insolu* 
bility  in  caustic  potass.  Exhibited  separately,  which  is  very  easy  by 
means  of  treating  homy  parts  in  a  solution  of  potass,  it  appears  as  an 
almost  colourless  transparent  substance,  which  becomes  brown  in  nitric 
add,  and  in  the  dry  distillation  produces  no  carbonate  of  ammonia, 
and  therefore  appears  to  contain   no  azote,   and  it  bums  in   fire 

•  Insektenbeluttigungen,  vol.  Hi.  p.  254.   PL  XLIV.  f.  5—8. 

f  Tbis  inppoaitioii  of  Roesera  jm  erroneous;  the  change  of  coloar  uiaes  from  the 
rafioction  of  the  light,  the  Mune  at  in  the  bud*  of  the  Iria.  The  scales  are  mcrclj 
longitudinally  striated. — Author's  MS,  Note* 
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Ivithoat  previoiuly  meltings   but  it  is  soluble  in  boiliug  or  heated 
fiilphurie  add. 

Bendes  the  aboive^  small  portions  of  albumen^  a  peculiar  browi» 
ookmiiig  matter  which  dissolves  in  caustic  potass^  but  not  in  boiling 
alooholf  as  well  as  traces  of  phosphate  of  iron,  have  been  found  in  the 
honij  integument  of  insects,  upon  different  analyses.  The  albumen 
belongs  doubtlessly  to  the  third  tunic,  as  does  the  brown  colouring 
matter  to  the  mucous  rete:  to  this  also  we  attribute  the  chitiue^ 
whereby  the  true  homy  skin,  namely,  the  epidermis,  will  be  found  to 
agree  entirely  with  the  horns  of  the  higher  animals  *• 

§  163. 

After  this  general  inspection  of  the  homy  skeleton,  we  arrive  at  the 
different  parts  of  which  it  is  composed.  As  we  have  already,  in  the 
first  section,  in  stating  the  orismological  definitions  of  the  insect  body, 
sufficiently  exhibited  its  structure  and  explained  its  composition  of 
different  pieces,  we  may  here  proceed  more  briefly,  and  merely  add  the 
description  of  those  parts  which  escape  the  observer  upon  an  exterior 
orismological  examination.  It  will  suffice  then  to  repeat  that  the  entire 
body  of  the  insect  consists  of  head,  thorax,  abdomen,  and  the  limbs, 
namely,  six  feet  and  two  or  four  wings. 

The  HEAD  exhibits  itself  as  a  single  homy  bladder  with  an  anterior 
and  posterior  aperture.  The  anterior  one  is  closed  by  the  cibarial 
organs^  and  by  the  posterior  one  it  stands  in  connection  with  that  of 
the  thorax. 

The  THORAX  consists  of  three  divisions.  The  first  or  prothorax 
has  two  or  four  horny  plates ;  the  dorsal  plate  (pronolum) ;  the 
BREAST  PLATE  (prosternum),  and  the  shoulder  plates  {omia). 

The  second  or  mesothorax  exhibits  four,  six,  or  seven  plates.  The 
simple  DORSAL  plate  (mesonotum) ;  the  sometimes  simple,  sometimes 
divided  breast  plate  (jnesojfiernufn),  and  the  two,  also  sometimes 
simple,  or  likewise  divided  shoulder  plates  {tcapukg).  In  many 
orders  {Diptera,  Hymenapterd),  the  three  or  six  last  are  connate,  and 
form  ONE  ring. 

The  third  or  metathorax  has,  like  the  middle  one,  either  two, 

*  Comptre  Ang.  Odier  M^m.  sur  la  Compmiition  Cbemique  des  parties  Corn^s  dea 
iBseetet,  in  M^m.  de  la  Soc.  d*  Hist.  Natur.  de  Paris.  Par.  1823.  T.  i.  p.  29,  Stians 
DofckhfiiD,  p.  32,  and  Mr.  Cliildien  in  Zoological  Journal,  vol,  i.  11 1  —  115. 
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four^  SIX,  or  seven  different  plates.  Above,  in  the  centre,  is  the  third 
DORSAL  PLATE  (meianotum) ;  opposite  to  it  on  the  breast,  the  simpllB 
or  divided  third  breast  plate  (meiasternutn) ;  between  the  two,  the 
SIDE  plates  (^pleurce),  and  auxiliary  side  plates  {parapleura)^ 
sometimes  separated,  or  either  united  together,  or  with  the  pectoral 
plates. 

This  is  the  result  of  the  investigations  there  instituted  upon  the 
thorax :  it  now  remains  for  us  to  inspect  the  cavities  formed  by  these 
plates,  from  the  interior ;  perhaps,  also,  from  this  point  of  view  we 
may  discover  some  peculiarities. 

§  164. 

internal  skeleton  of  the  head. 

In  the  Hetniptera  and  Diptera,  the  head  is  a  mere  homy  bladder 
without  any  internal  processes  or  bones  for  the  insertion  of  muscles. 
The  same  is  the  case  in  the  head  of  the  Z^pidoptera,  but  the  occipital 
aperture  is  divided  by  a  transverse  bar  into  t^vo  holes,  the  under  one 
of  which  is  the  smallest,  and  admits  only  the  nervous  cord  through  it ; 
through  the  upper  one  pass  the  pharynx,  vessels,  tracheae,  and  muscles. 
These  parts  are  not  found  in  the  Hymenoptera,  but,  on  the  contrary,  a 
broad  ridge  springing  upwards  from  the  lower  margin  of  the  occipital 
aperture,  which  is  prolonged  towards  the  frons  in  two  points,  and 
divides  the  upper  portion  of  the  head  from  the  under.  The  LibellulcB 
among  the  Neuroptera  exhibit  the  former  division  of  the  occipital 
aperture  into  an  upper  and  under  one ;  they  have  also  several  ledges 
in  the  head,  which  spring  from  the  anterior  margins  of  the  eyes,  and 
divide  the  large  eyes  from  the  brain,  and  this  again  from  the  frons. 
In  the  Orthoptera,  we  again  find  the  separation  of  the  aperture  into  an 
upper  and  under  one.  On  each  side,  contiguous  to  that  cavity,  there 
springs  a  process;  both  unite  in  an  arch,  forming  a  narrow  cover, 
which  is  attached  in  front  to  the  frons  by  means  of  two  other  pro- 
cesses. I  call  this  cover  the  tentorium,  because^  as  in  the  higher 
animals,  for  example,  Felis,  beneath  it  lies  the  cerebeUum  of  insects^ 
or  the  second  ganglion  of  the  nervous  system,  from  which  the 
mandibular  and  labial  nerves  originate.  Over  it  runs  the  pharynx, 
and  above  it  lies  the  first  ganglion  or  the  cerebnim.  In  the  cavity  of 
the  head  of  beetles  we  do  not  find  the  tentorium  in  the  shape  just 
described,  but  as  two  high  ledges  originating  from  the  throat  and  the 
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liNivr  Burgin  of  the  occipital  aperture,  between  which  lies  the  cere« 
beUnni^  and  it  is  covered  only  by  the  pharynx.  Sometimes  (Dyticus) 
the  pharynx  rests  upon  a  bar,  connecting  both  ledgeSj  and  then  the 
cerebellum  lies  beneath  it^  and  further  forward,  but  the  nervous  cord 
mas  between  the  ledges.  Contiguous  to  the  occipital  aperture  two 
small  hooks  spring  from  the  ledge,  which  encompass  the  nervous  cord, 
ind  other  longer  fine  branches  of  them  project  forwards  towards  the 
front,  which  they  do  not  reach,  but  bend  upwards,  and  serve  for  the 
iosertioo  of  small  muscles,  which  retain  the  pharynx,  running  between 
these  branches.  This  frame- work  is  larger  or  smaller  according  to  the 
development  of  the  dbarial  apparatus,  consequently  most  distinct  in 
the  predaceoos  beetles  with  large  oral  organs. 

§  165. 

INTERNAL   SKELETON   OF   THE    THORAX. 

In  the  structure  of  the  thorax,  the  Hemipiera,  Ortkoptera,  Neu^ 
ropiera,  and  CoUoptera  accord  better  together^  from  their  prothorax 
being  more  distinctly  separated  than  in  the  other  orders,  in  which  the 
entire  thorax  forms  but  one  whole.  This  last  structure  is  certainly  the 
most  simple,  and  we  will  therefore  commence  with  its  inspection. 

Upon  paying  some  attention  in  the  examination  of  the  thorax  of  a 
fljj  bee,  or  butterfly,  the  important  preponderance  of  the  mesothorax 
cannot  escape  immediate  observation.  The  central  dorsal  plate  oc- 
cupies the  entire  dorsal  sur^Etce,  whereas  the  anterior  one  forms  but  a 
ring  (collar)^  and  the  posterior  one  also  is  not  much  more  developed, 
and,  indeed^  in  flies  and  butterflies  is  entirely  covered  by  the  scutel- 
Inm,  (compare  PI.  XIV.  No.  1.  f.  2.  and  No.  2.  f.  2.). 

The  internal  skeleton  of  this  simple  thorax  is  very  unimportant  in 
the  Dipiera,  Where  we  observe  furrows  on  the  exterior  there  are 
internal  ridges  which  correspond,  and  which  surround  the  muscles 
at  their  insertion,  and  separate  them  from  each  other.  Audouin 
calls  those  projecting  ridges,  which  are  also  generally  found  where  two 
separate  parts  join  together,  Apodemes,  Afodemata,  and  those  to 
which  muscles  are  attached  Apodemala  insertionis.  The  largest  of  all 
these  ridges  is  Kirby  and  Spence's  Mbtaphragha,  a  thin,  perga- 
mentaceous  partition,  which,  descending  from  the  superior  margin  of 
the  metathorax,  arches  itself  convexly  .outwards  towards  the  abdomen, 
*nd  thus  separates  the  entire  cavity  of  the  thorax  from  that  of  the 
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abdomen.  Beneath  this  partition,  namely,  at  the  pectoral  side,  a  huatr 
space  remains  free,  through  which  the  internal  organs  pass  fram  th« 
thorax  into  the  abdomen.  Besides  this  most  important  position  of  the 
internal  skeleton  of  flies,  we  find»  in  the  neighbourhood  of  where  th? 
wings  are  attached,  other  homy  arches,  which  serve  for  the  insertion  of 
the  alary  muscles.  In  front  also  of  the  larger  partition  the  scutellum 
sends  into  the  cavity  of  the  thorax  a  small  ridge,  which  is  however  as 
unimportant  as  the  other  is  important.  The  dorsal  musdes  ascend 
obliquely  through  the  thorax  from  the  great  partition  to  the  me«K 
notum,  and  thus  hold  the  whole  structure  together. 

In  the  Lepidoptera,  which  in  the  structure  of  their  thorax  Itafre 
most  resemblance  to  the  Diptera,  the  conformation  is  already  some- 
what more  complicated.  In  this  both  agree  that  everywhere  where 
there  are  exterior  furrows  we  find  corresponding  interior  ridges  which 
separate  the  points  of  insertion  of  the  muscles,  and  thus  increase  their 
firm  adhesion.  Such  a  ridge  rises  from  the  centre  of  the  mesonotum, 
which  passes  to  the  scutellum,  and  there  unites  with  the  ridge  that 
separates  the  scutellum  from  the  mesonotum.  From  the  posterior 
margin  of  the  scutellum  a  broad  partition  (the  mesophragma  of  Kirby 
and  Spence)  descends,  it  bends  first  backwards  and  then  forwards,  and 
thus  forms  a  hook,  to  which  the  large  dorsal  muscles  are  attached.  This 
partition  is  analc^us  to  the  ridge  of  the  scutellum  in  the  Dipiera. 
The  third  very  narrow  thoracic  segment  leans  against  it,  forming  also 
a  posterior  partition,  which,  however,  is  much  more  delicate  and  fine 
•than  the  first ;  consequently  the  relations  of  both  the  partitions,  in 
comparison  with  those  described  in  the  Dipiera^  are  changed,  here  the 
first  is  the  largest,  and  there  the  second.  The  pectoral  side  of  the 
thorax  exhibits  a  central  projecting  ridge  as  the  line  of  separation 
between  the  coxae  and  other  smaller  ones  corresponding  with  the  exterior 
furrows. 

The  Hymenoptera  make  the  direct  passage  from  the  forms  abeady 
described  to  those  in  which  the  prothorax  is  separated.  The  exterior 
furrows  of  their  thorax  are  true  sutures,  in  which  their  parts  are  joined. 
This  has  been  already  sufficiently  explained  above  (§  74r— 78*)>  ^°^  ^^ 
is  there  shown  that  the  collare  is  the  true  prothorax  of  the  Hymtm' 
optera  ;  we  will  therefore  here  proceed  with  the  internal  ptt>ce8se8.  In 
the  prothorax  there  are  two  strong  pointed  processes  (PI.  XII.  No.  I. 
f.  4.  a,  a),  each  of  which  has  a  double  root;  one  exterior  one  comes 
from  the  margin  of  the  prosternum,  and  an  interior  one  from  the 
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cMrtnl  ridge  of  the  tame  part;  between  these  roots  the  musdet  of  the 
earn  pass,  and  between  the  processes  themselves  run  the  pharynx  and 
die  nerviNia  cord,  and  it  is  to  these  procesees  that  the  connecting 
niDKks  of  the  pionotam  and  prostemum  are  attadied.    In  the  mesO" 
thonx  we  first  find  the  prophragma  (the  samCi  3.  a),  a  small^  not  yerj 
bigfa,  horny  partitioo^  which  descends  from  the  anterior  margin  of  the 
mesQDorimiy  and  we  next  find  a  delicate  ridge  whicli  encompasses  the 
wiioie  distinctly  separated  mesonotum.     The  mesostemum  and  acapnia 
ire  ckisely  joined  in  a  half  ring»  and  from  the  central  carina  of  this  ring 
iprings  a  broad  strong  ledge,  which  at  its  upper  margin  is  furnished  on 
each  aide  with  a  strong  process  (the  same,  6.  a,  a) ;  they  form  with  the 
ledge  a  rectangular  cross^  and  serve  as  points  of  insertion  for  the 
moides  of  the  ooxie  of  the  middle  legs^  lying  on  each  side  contiguously 
to  the  centra!  ridge.     In  Cimbex  the  cross  is  very  distinct^  in  Scolia  it 
is  merely  a  ridge>  somewhat  distended  above.     The  metathorax  of  the 
Hymaiopiera  is  more  complicated  than  in  the  Diptera  and  Leptdoptera, 
becaue  in  them  the  abdomen  is  attached  by  only  one  small  spot,  namely, 
bf  the  drcDmierenoe  of  the  aperture  beneath  the  metaphragma*  oonse- 
^oently  there  the  metathorax  encloses  more  powerful  muscles  than  in 
the  preceding  orders.    The  metaphragma  is  therefore  exposed,  and  ap- 
peals, for  example,  in  Scolia^  as  an  equilateral  triangle  above  the  arti- 
colstioo  with  the  abdomen,  upon  the  very  smooth  apev  of  m^ich  the 
abdomen  turns  (PL  XII.  No.  2.  f.  1).    The  apex  itself  is  perforated, 
and  admits  a  strong  band  through  it,  which  retains  the  abdomen  (PI. 
XII,  No.  2.  f.  3*).     In  front  of  this  triangle  is  placed  the  very  narrow 
OKtUMtum  (the  same,  f.  I  and  2.  f,  f),  and  at  its  posterior  margin  a 
^nugalar  process  runs  inwards  (the  same,  f  4*  and  5*),  to  which  the 
nraades  retaining  the  abdomen  are  affixed.     Between  the  metanotum 
*ad  metaphragma  the  two  large  side  pieces  and  their  auxiliaries  lie, 
a^pvated  from  each  other  by  furrows,  from  which  internally  strong 
ndges  sjwing,  and  to  which  the  muscles  of  the  posterior  legs  are  attached. 
^  tlie  saw-flies,  which  do  not  possess  a  petiolated  abdomen,  the  pleure 
J<Bn  together  behind  the  metanotum  (the  same.  No.  1.  f  I  and  3. 
B}H),  sad  the  metaphragma  lies  internally  as  a  narrow  margin  of  the 
'"'c^anatun,  but  the  band  is  a  semicircular  tense  membrane,  which  is 
^'■'ended  by  the  pleurae,  and  is  very  distinct  in  Cimbex, 

Among  the  orders  with  a  free  prothorax  the  Hemiptera  occiipy  the 
"weit  place.  The  entire  prothorax  is  a  single,  above  very  broad, 
beaeith  narrower  ring,  from  the  centre  of  the  pectoral  plate  of  which 
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two  horny  arches  springs  which  pass  over  the  cavities  of  the  coxtt^  and 
attach  themselves  to  the  sides  of  the  pronotum.  These  arches  Berve  for 
the  insertion  of  the  muscles  of  the  coxee.  Two  other  spinous  processesr 
originate  from  the  upper  half  of  the  ring  yet  more  laterally,  and  bend 
down  to  the  beforementioned  arch^  proceeding  gradually  further  fronr 
the  exterior  case.  In  the  very  large  mesothorax,  anteriorly  there  is  n<» 
prophragma,  whereas  posteriorly,  beneath  the  scutellum^  a  very  large 
mesophragma,  which  is  longitudinally  divided,  the  lower  points  of 
which  unite  with  the  arch,  which,  as  in  the  prothorax,  span  themselves 
over  the  cavity  of  the  intermediate  coxie.  Other  lateral  ridges  cor- 
respond with  exterior  furrows.  The  metathorax  is  again  very  narrow; 
it  has  no  metaphragma,  and  no  arch  spanning  the  cavities  of  the  coxae, 
the  muscles  of  which  are  attached  to  the  mesophragma.  This  descrip- 
tion is  sketched  from  Cicada  fraxini,  Latr.  In  the  bugs,  which  pos- 
sess a  much  smaller,  at  least  flatter,  thorax,  I  found  (namely,  in  Peii/a- 
toma  hosmorrkoidalis,)  traces  of  the  horny  arch,  and  a  distinct  meta- 
phragma, which  likewise,  like  the  mesophragma  of  the  Cicada^  is 
divided,  but  at  its  centre  diverges  much  more  considerably,  and  is  in 
intimate  connection  with  the  pleurie. 

The  skeleton  is  much  more  perfect  in  thei}rthoptera.  Among thenv 
the  grasshoppers  occupy  the  lowest  place.  In  the  prothorax,  the 
saddle-shaped  pronotum  of  which  encloses  the  entire  part,  we  observe 
two  bent,  flat,  but  high  processes,  which  originate  from  the  exterior 
margin  of  the  prostemum  and  rise  to  the  pronotum.  Two  other  pro- 
cesses spring  from  the  middle  between  the  cavities  of  the  coxe,  and 
form  in  removing  from  each  other  two  arches,  which  span  those  cavities. 
On  the  interior  of  each  bow  there  is  also  frequently  a  smaller  process, 
which  bends  to  its  opponent,  and  thus  covers  the  nervous  cord  (PI.  XI. 
No.  2.  f.  2.  a,  a).  Both  processes  serve  for  the  attachment  of  moades,. 
and  the  larger  bow  for  those  of  the  ooxe ;  from  the  smaller  ones  twot 
narrow  muscles  springs  which  ascend  to  the  back  and  afSz  themselveft 
to  the  margin  of  the  dorsal  piece.  The  same  processes  are  found  alsa 
in  the  second  and  third  thoracic  segments,  which  likewise  form  small 
arches,  beneath  which  the  nervous  cord  runs.  Instead  of  the  first 
named  exterior  ones  from  each  pleura  a  strong  hook-shaped  carina  mns^ 
which  separates  the  muscles  of  the  legs  and  wings  (the  same,  6.  b,  b)^ 
The  superior  partitions,  the  meso-  and  metaphragma  are  small^  and  do 
not  lie  vertically  but  obliquely,  whence  the  cavity  of  the  thorax  acquiresi 
much  compass  and  wide  avenues.     The  most  perfect  skeleton  amongst 
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Ute  Ortkapiera  is  found  in  the  mole  cricket  {Gryllotalpa  vu/garu).  In 
the  {Mvlhorax  (PL  XL  No.  1.  f.  1 — 3)^  which  is  formed  of  a  very 
laige,  hard,  bellied  pronotum  (a)  and  a  very  narrow^  small,  keeUshaped 
proitemam  (b),  we  observe  a  large  horny  partition  (c),  which  de- 
loeods  from  the  central  line  of  the  pronotum  and  spreads  forward  in 
two  furcating  processes  (b,  b)  ;  to  these  processes  two  others  attach 
themselves,  which  originate  from  the  upper  margin  of  the  aperture  of 
the  neck,  distend  themselves  in  an  arch  downwards,  and  posteriorly, 
ud  thus  encounter  the  fork  of  the  central  ridge.  And  thence  where 
tliese  processes  join  the  furcate  process  the  prosternum,  which  ante- 
riorly is  formed  like  a  T,  unites  itself  to  them  with  its  two  branches, 
and  thus  closes  the  anterior  aperture  of  the  prothorax.  Posteriorly 
two  other  processes  originate  from  the  central  line  (p,  f),  which  de- 
•oend  downwards,  bend  there  towards  each  other,  and  join  the  posterior 
otremity  of  the  prosternum  {*) ;  at  the  same  time  each  gives  off  a 
hook  which  is  directed  upwards  and  backwards,  and  between  these  a 
iingle  homy  bone  lies  (b),  which  stands  in  connection  with  them  by 
neins  of  mnscles  (*  *),  and  upon  which  the  large  pharynx  rests. 
Beottth  this  bone  runs  the  nervous  cord,  encompassed  by  the  posterior 
ibanks  of  the  central  ridge.  The  skeleton  of  the  meso-  and  meta- 
tiniBx  is  much  smaller.  Two  processes  descend  from  the  scapulse 
(PL  XI.  No.  1.  f.  4  and  8.  d,  d.)  and  unite  together  beneath,  at  the 
central  line  of  the  mesostemum  (the  same,  e).  From  the  point  of 
nnion  there  arises  a  short  dagger-shaped  process  (the  same,  5),  which 
B  barbed  on  each  side  at  its  base,  and  proceeds  nearly  to  the  end  of  the 
iMtastenuun.  This  point  is,  as  it  were,  the  true  breast*bone,  to  which 
tbe  vniides  are  attached,  and  upon  it  the  intestinal  canal  rests.  From 
tbe  anterior  margin  of  the  metanotum  the  small  mesophragma  ori-' 
poates,  end  which  is  perforated  by  a  hole  (the  same,  7*  o),  through 
wbicfa  the  aorta  passes,  and  besides  there  comes  from  the  suture  of  the 
><<ttttemum  and  the  pleura  a  clavate  ridge,  prolonged  internally  at  its 
>Bteriorend  into  a  pointed  spine. 

^e  of  the  Neuroptera  are  very  similar  in  structure  to  the  grass-* 
^pera,  at  least  I  found  in  the  Termites  just  such  horny  arches  upon 
Qchof  the  three  thoracic  segments  as  covers  for  the  nervous  cord^  and 
^y  '^^Ses  which  separate  the  muscles  from  each  other  on  the  inner 
'^I'noe  of  the  pleurae. 

^e  most  perfect  internal  skeleton  of  all  however  is  found  in  the 
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Coleoptera,  although  some  portions  of  the  thorax,  namely,  the  pro*- 
thorax^  do  not  form  so  complex  a  frame  as  in  GryUoialpa. 

The  prothorax  consists  in  the  majority  of  beetles  of  two  separated 
pieces^  which,  only  in  some  capriooms  (Caliichroma,  Saperda,)  and  all 
the  Rh^nchophora,  an  connate  *.  In  Carabns,  Dyticut,  BupretiU 
there  lies  between  both  two  other  free  pieces,  whidi  I  have  called  omia» 
and  which  must  b^  considered  as  the  free  lateral  walls  of  the  dorsal 
plate.  The  moveable  spines  in  Acrocinng  longimanus  (Kirby  and 
Spence's  Umbones)  are  probably  these  same  pieces,  at  least  we  can 
give  no  other  explanation  of  these  otherwise  perplexing  organs.  The 
internal  skeleton  of  the  prothorax  consists  in  a  process  originating 
from  the  presternum  between  the  cavities  of  the  coxse,  which  divides 
itself  into  two  when  those  cavities  are  distant  from  each  other  {Oryctea)* 
Above,  this  process  has  a  tooth  on  each  side,  which  bends  towards  the 
side  of  the  prothorax,  and  sometimes  unites  with  it  (in  HydrophUus^ 
PL  X.  No.  3.  f.  6  and  7*  a,  a).  It  has  frequently  more  or  less  l^e 
appearance  of  a  fork,  or  the  letter  Y,  and  Kirby  and  Spence  thenoe 
call  it  antefbrca,  a  name  which,  notwithstanding  its  bad  construotioD, 
does  not  suit,  because  this  process  does  not  always  furcate,  and  is 
indeed  wanting  in  many  beetles,  namely,  in  those  with  a  simple 
prothorax.  In  such  cases  a  partition  between  the  cavities  of  the  coxae 
occupies  its  place.  I  call  it,  when  present  and  of  importance,  the 
processus  internus  prostemi.  The  nervous  cord  passes  between  its 
branches. 

In  the  mesothorax  the  partition  or  prophragma  descends  from  the 
anterior  margin  of  the  mesonotum,  and  is  directed  somewhat  forward. 
It  is  in  general  but  very  short,  and  rather  a  small  ridge,  to  which  the 
connecting  muscles  of  the  meso-  and  metathorax  are  attached.  We 
again  find  the  internal  process  upon  the  mesostemum,  but  here  it  ori- 
ginates with  more  widely  divided  shanks,  each  of  which  shanks  forms 
an  arch,  which,  as  in  Cicada,  spans  the  aperture  of  the  cavities  of  the 
coxae,  and  ascends  as  high  as  the  suture  of  the  scapulie,  to  unite  itself 
with  the  surrounding  margin  of  that  part.  In  the  LameLUcorma  this 
arch  does  not  reach  the  suture,  but  projects  freely  into  the  cavity,  serv* 
ing  as  a  point  of  attachment  for  the  muscles.     In  this  shape  the  entire 

*  Meckel  erroneouslj  mvs  this  of  all.  See  his  Veigleich.  Anatomie,  roL  ii.  Part  i. 
p.  76. 
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process  is  called  by  Kirby  and  Spence  the  medifurca ;  I  call  it,  to  cor- 
respond witb  the  firsts  the  processus  intemus  mesasterni,  or  arcus  stsr» 
nales  iniemu 

The  xnetathorax  has  the  most  developed  skeleton,  and  is  in  ge« 
neral  in  the  beetles  the  largest  of  the  thoracic  segments,  whereas  it 
tvas  the  central  one  in  the  fiies,  bntterflies,  Hymenoptera,  and  Cicada, 
We  observey  at  the  metanotum,  the  meso-  and  metaphragma,  two  parti- 
tions descending  perpendicularly  from  the  anterior  and  posterior  b'mits 
of  this  plate ;  they  are  not  very  high,  but  to  them  the  large  dorsal 
muscles  are  attached.  In  apterous  genera  {Carabus)  the  entire  meta- 
notnm^  and  with  it  both  partitions  are  very  small.  We  find,  besides 
these  two  partitions,  no  other  elevated  process  at  the  metanotum, 
whereas  there  is  a  very  large  one  at  the  metastemum.  This  originates 
as  a  thin,  frequently  merely  pergameotaceous,  triangular  partition  from 
its  central  line,  and  projects  ireely  into  the  cavity  of  the  thorax,  but 
with  its  apex  more  directed  towards  the  abdomen.  The  thither  directed 
edge  of  the  triangle  is  thicker,  like  a  ridge ;  it  is  placed  upon  its  pos- 
terior margin,  and  originates  from  the  spot  where  both  the  cavities  of 
the  posterior  coxse  are  united.  When  this  ridge  reaches  the  upper 
point  of  the  triangle  it  sends  off  on  each  side  a  strong  process,  which 
together  form  a  direct  cross  with  the  ridge  itself.  A  third  process, 
which  is,  as  it  were,  the  continuation  of  this  ridge,  originates  between 
both,  and  runs  in  a  direct  line  parallel  with  the  carina  of  the  sternum 
as  far  as  the  mesothoracic  segment,  gradually  decreasing  to  a  point. 
This  central  process  is  excavated  above,  and  thus  forms  a  small  channel, 
in  which  the  intestinal  canal  rests.  In  Dyticus  it  even  furcates,  and 
with  both  prongs  of  the  fork  it  encloses  the  intestine,  and  lower  down 
the  nervous  cord.  In  Oryctes,  however,  all  three  processes,  the  two 
transverse  ones  and  the  central  one,  equal  both  in  form  and  size, 
thus  construct  a  three-rayed  star ;  in  Hydropkilus  the  central  process 
is  wanting,  as  well  as  in  Carabus  and  Callichroma^  where  the  whole 
£rame  is  much  smaller,  and  is  placed  between  the  cavities  of  the  coxae, 
whereas  in  others,  at  least  in  Dylicus  and  Oryctes,  it  projects  as  far  as 
the  base  of  the  abdomen.  To  this  skeleton  numerous  muscles  are 
attached ;  posteriorly  the  muscles  of  the  coxse ;  at  its  lateral  points 
delicate  muscles,  which  rise  to  the  limits  of  the  back ;  to  its  anterior 
points  likewise  two  delicate  muscles,  which  pass  through  the  cavities 
of  the  meso-  and  prothorax,  and  affix  themselves  to  the  homy  plates 
of  the  membrane  of  the  neck  (see  §  167.  4)<     Besides  this  large  pro- 
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cessj  which  Kirby  and  Spence  call  tlie  postfurca,  Audouin^  on  the  oon- 
trary,  styles  it,  in  connection  with  the  preceding  ones  of  the  pro-  and 
mesothorax,  the  entothorax  *,  we  find  but  a  few  other  ridges  produced 
by  the  sutural  connection  of  the  pleurse  with  the  sternum ;  these  are 
Audouin's  apodemata,  which  vary  in  their  course  according  to  the 
varying  forms  of  the  parts,  and  are  of  much  less  importance. 

§  166. 

INTERNAL  SKELETON  OF  THE  ABDOMEN. 

The  abdomen  has  no  internal  skeleton,  but  consists  of  homy  rings 
connected  together  by  a  flexible  membrane,  and  each  of  which  is  divided 
into  a  dorsal  and  a  ventral  plate.  In  the  grasshoppers,  at  least  GryllUs 
and  LocuslOf  homy  half  circles  arise  from  the  lateral  edges  of  each 
dorsal  plate,  which  are  about  one-third  of  its  width,  and  extend  as 
high  as  the  dorsal  depression.  It  is  to  these  arches  that  the  long  air 
bags  are  attached^  which  form  a  zigzag,  and  which  we  have  fully 
described  above.  Marcel  dc  Serresf,who  first  discovered  and  de- 
scribed them,  called  them  ribs,  a  comparison  which  in  so  far  is  not 
inappropriate,  from  their  encompassing  and  protecting  the  air  bags  of 
these  creatures.  But  they  are  properly  elastic  processes,  which  are  in 
a  directly  opposite  action  to  that  of  the  oval  air  bags^  which  they  dis- 
tend by  springing  back,  when  the  contraction  of  the  spiral  fibre  has 
shortened  them,  and  has  thereby  removed  the  process  to  which  the  bag 
is  attached  from  the  abdominal  plate.  They  consequently  belong  to 
the  respiratory  S3rstem,  and  were  considered  under  it  by  their  first 
discoverer. 

§  167. 

SKELETON   OF   THE    LIMBS — MODE   OF   ARTICULATION. 

The  skeleton  of  the  limbs  is  merely  external,  and  as  such  it  has  been 
sufficiently  described  above  (§  7^)  in  a  preceding  division  ;  we  have 
also  there  indicated  the  way  in  which  the  diflPerent  parts  of  a  limb  are 
connected  together,  it  therefore  remains  merely  necessary  here  to  give 
a  special  description  of  all  the  different  kinds  of  articulation  both  of 
the  limbs  as  well  as  the  other  portions  of  the  skeleton. 

I.  Connection  without  motion  {synarthrosis). — This  kind  of 

*  See  Meckers  Deuttche  Archiv.,  &c.  torn.  vii.  p.  440. 
^   f  Mem.  de  Mue^tom.  iy.  (1810). 
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eoanCTJon  of  the  parts  of  the  skeleton  we  find  chiefly  in  the  thorax,  in 
the  sutures  by  which  the  several  plates  are  united  together.  We  may 
distinguish  two  descriptions  of  it : — 

1.  The  suTURB  is  the  connexion  of  two  plates  of  the  skeleton  by 
insertion,  a  projecting  ridge  of  the  one  corresponding  with  a  channel  in 
the  other,  and  the  connexion  is  thus  made  without  the  intervention  of 
membranes.  This  mode  of  connexion  is  found  between  the  several 
plates  of  the  thorax.  Where  both  join  they  bend  inwards,  and  thus 
form  an  even  suture.  All  sutures  in  insects  are  therefore  simple, 
smooth,  without  teeth,  or  interchanging  processes. 

2.  Symphysis  is  a  connexion  upon  the  whole  resembling  a  suture, 
but  which  is  produced  chiefly  by  the  intervention  of  a  soft  membrane. 
This  admits  of  a  slight  separation  of  the  connected  parts,  which  is 
increased  in  proportion  to  the  elasticity  of  that  membrane.  It  is  by 
means  of  this  that  the  posterior  wing  of  the  scapula  is  connected 
with  the  parapleura.  This  sort  of  connexion,  thus  admitting  some 
di^ree  of  separation,  was  the  more  necessary  here,  as  the  second  spiracle 
of  the  thorax  lies  between  the  two  plates,  and  therefore  a  firm  union 
would  have  prevented  a  r^ee  respiration. 

A  mere  variation  of  this  form,  which,  however,  admits  of  a  greater 
motion  of  the  connected  parts,  is  called  by  Straus  a  scaly  joint 
(ariiculation  ecailleuse).  It  is  distinguished  chiefly  by  the  lip  of  the 
one  plate  passing  over  the  connecting  membrane,  and  thus  covering 
the  lip  of  the  other  plate  like  a  scale.  This  mode  of  articulation  is 
fband  in  the  plates  of  the  abdomen,  in  which  each  successive  plate 
is  covered  by  that  preceding  it.  The  mobility  of  parts  thus  con- 
nected is  but  passive,  whereby  an  extension  of  the  body  on  all 
sides,  but  chiefly,  longitudinally,  is  made  possible,  for  example,  when 
its  contents  swell,  as  is  frequently  the  case  in  the  female  afiter  im- 
pregnation. 

II.  Connexion  with  motion  (Diarthrosis). — All  connexions 
classed  under  this  head  are  generally  called  joints.  They  are  found 
chiefly  in  the  limbs,  in  the  connexion  of  their  several  parts.  In 
insects  we  distinguish  the  following  different  forms  of  articulation : — 

1.  The  FLAP  joint  {syndesis), — When  two  parts  meet  at  a  suture, 
and  are  connected  together  by  membranes  at  the  inner  side,  but  so 
that  they  may  move  in  the  suture  to  and  from  each  other.  This  mode 
of  articulation  is  found,  for  example,  in  the  under  lip,  where  the 
mentum  joins  the  gula. 
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2.  Gynqlimus. — When  two  parts  are  bo  connected  that  the  one 
is  inserted  within  the  other  at  its  origin^  and  stands  in  intimate 
connexion  with  it  only  at  two  opposite  points.  The  part  turns 
upon  these  two  points  as  upon  its  axis.  This  therefore  admits  of 
but  one  kind  of  motion^  viz.  that  of  its  approaching  to  or  receding 
from  the  other  part.  It  is  thus  that  the  coxae  and  trochaBter, 
femora  and  tibia  are  connected^  and  the  mandible  with  the  head*  A 
more  detailed  description  will  more  clearly  explain  the  peculiarity 
of  this  articulation.  Upon  examinii^  the  upper  extremity  of  the 
tibia^  which  has  been  removed  out  of  its  socket,  we  shall  obserre 
upon  the  exterior  as  well  as  interior  a  precise  semicircular  furrow, 
behind  it  a  concentrical  but  smaller  ridge,  and  beyond  this  a  cir- 
cular fossulet.  The  inner  surface  of  the  femora  displays  on  each 
side  a  ridge  accurately  corresponding  with  the  furrow,  beyond  thin 
a  furrow  corresponding  with  the  preceding  ridge,  and  in  the  centre 
a  minute  elevation,  from  which  a  small  but  very  firm  band  passes 
into  the  central  fossulet  of  the  tibia.  This  band  appears  to  pieroe 
transversely  through  the  hole  in  the  tibia,  and  passing  through  the 
opposite  side  to  be  affixed  to  the  corresponding  central  elevation  of 
the  femora.  Thus,  therefore,  a  very  firm  connexion  and  a  secure 
joint  is  produced.  The  articulation  of  the  mandible  is  very  similar, 
but  which  is  distinguished  from  it  by  the  upper  side  of  the  mandible 
having  a  semicircular  ridge,  and  upon  its  under  side  merely  a  spherical 
ball  joint. 

3.  Rotation  (ro/a/io).-^Is  that  kind  of  articulation  when  a  cylin- 
drical, oijate,  or  conical  part  is  sunk  into  a  cavity  adapted  to  ita 
convexity.  Both  the  inserted  body  and  the  cavity  arc  drilled  at  one 
spot,  and  are  united  around  the  aperture  by  means  of  a  membrane : 
besides  which  there  are  balls  at  both  poles  of  the  axis  of  rotation 
adapted  to  corresponding  sockets  of  the  other  part ;  whereby  a  rota- 
tion of  the  encompassed  part  upon  its  axis  is  made  possible  within 
the  corresponding  cavity.  This  mode  of  articulation  is  found  in  the 
coxfe  of  the  Coleoplera,  llymenoptera,  Hemipiera^  or  more  or  less 
evident  in  the  hip-joints  of  all  insects. 

4.  A  FRBE  ARTICULATION  (crlhrodia), — Is  when  a  conical  part 
is  inserted  in  a  corresponding  cavity,  both  being  pierced  at  one  spot^ 
and  united  by  membranes  around  the  circumference  of  the  cavity.  Thia 
mode  of  union,  which  is  the  most  common  of  all,  admits  of  the  freest 
motion  upon  all  sides ;  and,  indeed,  what  is  stUI  more,  the  exsertion 
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of  the  ball  out  of  the  socket,  as  far  as  the  membrane  admits  of 
extension.  We  find  thus  united  the  joints  of  the  antennae^  palpi,  and 
tarsi^  the  head  with  the  thorax,  and  the  prothorax  with  the  mesothorax, 
in  those  insects  which  have  a  moveable  prothorax.  At  the  neck,  or  the 
connecting  membrane  of  the  head  with  the  thorax,  we  find,  besides,  in 
the  Coleoptera,  two  bean-shaped  homy  plates  (pieces  jugulairet  of 
Straus),  upon  which  the  occiput  moves.  These  plates,  which  might 
be  called  throat  plates  (Jugularia),  lie  transversely  in  the  posterior 
portion  of  the  membrane  which  spans  the  large  aperture  of  the 
prothorax  like  a  drum-head,  and  serve  for  the  insertion  of  several 
small  thin  muscles,  and,  among  others,  to  the  two  which  originate 
from  the  central  point  of  the  internal  metathoracic  process  which 
passes  through  the  cavity  of  the  thorax.  Their  true  function  is 
doubtlessly  to  retain  the  membrane  of  the  neck  distended,  and  to  offer 
to  the  occiput  a  smooth  surface,  upon  which  it  may  turn  with  facility. 
In  black  or  dark  beetles  it  is  of  the  colour  of  the  exterior  integument 
{Hydrophilus  picens,  Oryctes  nasicornia) ,  and  is  therefore  very  per- 
ceptible when  the  head  has  been  removed  from  its  articulating 
cavity.  In  Dyticus  1  likewise  found  similar  plates  between  the  meso- 
and  meta-notum.  A  small  homy  piece,  similar  in  function,  lies  also  in 
Uie  membrane  between  the  coxae  and  the  sternum  in  the  four  anterior 
legs.  It  is  properly  a  process  of  the  joint  become  free,  and  which,  in 
the  intermediate  legs,  in  which  the  motion  is  less,  stands  in  closer 
ooonection  with  the  coxie.  Audouin  calls  it  trochaniinus,  I  have 
been  able  to  find  this  piece  only  in  Dytkus ;  it  exists  also  in 
Melohnthay  according  to  Straus,  who  calls  it  roiule, 

%  168. 

STRUCTURK   OF   THE    WIK06. 

We  have  already,  in  a  preceding  division,  sufficiently  described  the 
formal  differences  of  the  wings  and  elytra,  as  well  as  of  the  legs, 
to  complete  which  we  have  but  to  give  here  a  detailed  explanation  of 
their  peculiar  structure.  In  the  description  above,  we  have  already 
mentioned  that  they  are  bags  formed  of  a  simple  membrane,  in  which 
homy  ribs  are  distributed.  This  simple  membrane  is  nothing  else 
than  the  epidermis,  which,  proceeding  from  both  sides  of  the  thorax, 
fonns  the  wings.  This  is  most  distinctly  seen  in  those  wings  which 
hare  a  broad  base,  as  in  the  Coleoptera,  Orthopiera,  &c.,  in  which  we 

r2 
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"even  observe  at  the  base  a  much  greater  thickness  of  the  wing,  which 
is  caused  by  the  two  layers  of  the  epidermis  not  having  closely  joined 
together.  Upon  the  margin  of  the  wing  the  two  layers  pass  into  each 
other,  and  thus  the  bag  is  formed.  This  bag  admits  of  being  distinctly 
represented  as  such,  if  just-developed  insects  be  placed  in  spirits  of 
wine ;  the  fluid  then  passes  between  the  still  fresh  and  soft  membranes 
of  the  wing,  and  filling  their  internal  space,  distends  them  like  a  bag. 
Heusinger*  observed  this  in  fresh  specimens  of  butterflies,  and  I  have 
myself  detected  it  in  a  young  individual  of  Anlhopkagus  plagiatus, 
Grav. 

Howsoever  smooth,  fine,  and  transparent  the  membrane  of  the 
wing  appears  to  the  naked  eye,  an  investigation  with  the  microscope 
reverses  this,  and  exhibits  it  as  covered  with  innumerable  small  hairs, 
which  rise  from  bulbous  roots  upon  the  wing,  and  densely  cover  its 
whole  surface.  In  some  insects,  for  example,  the  common  gnat,  they 
are  longer^  broader,  and  lanceolate,  and  pass  over  into  the  scales  of 
butterflies,  which  are  absolutely  nothing  else  than  transformations  of 
the  hair  peculiar  to  almost  all  insects. 

The  ribs  of  the  wings  are  hollow,  horny  tubes,  by  which  the  two 
plates  of  the  wings  are  supported.  Their  situation  and  reciprocal 
relation,  as  well  as  the  cells  formed  by  their  connection,  we  have 
become  acquainted  with  above:  we  will  merely  add  here,  that  each 
rib  is  filled  internally  with  a  soft  parenchyma,  in  which  I  have 
detected  a  vessel  very  large  in  compass,  and  by  the  side  of  it  a  fine 
nerve.  The  vessel  appeared  to  come  from  the  cavity  of  the  thorax, 
and  the  nerve  entered  from  the  same  part,  coming  probably  direct 
from  the  approximate  ganglion  ;  therefore,  close  to  the  posterior  wings 
in  beetles,  upon  which  I  made  the  observation,  and  from  the  third 
ganglion  of  the  thorax.  In  the  vessel  itself  I  could  detect  no  structure, 
and,  least  of  all,  the  spiral  fibre  observable  in  the  tracheas,  even  upon 
an  enlargement  of  three  hundred  times  t.  I  thence  conclude  that  it  is 
a  blood-vessel,  which  is  supported  by  Carus'  observation  of  the  motion 
of  a  fluid  in  the  ribs  of  Lampyris,  How  else  could  the  wings  be 
distended,  were  not  the  liquid  flowing  into  these  vessels  the  cause  of 
it  ?     But  it  is  not  necessary  that  we  should  thence  conclude  upon  a 

^  Syitem  der  Hyitologie,  2  Heft 
,  f  I  have  since  detected  the  spiral  fibre  in  these  Tessela,  and  obsenred  that  they  are 
gemiine  trachev.— ^«/Aor*j  MS.  Note, 
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connection  of  these  vessels  with  the  heart,  it  being  well  known  that 
blood  is  fonnd  in  the  entire  cavity  of  the  body  of  insects,  and,  by  each 
contraction,  can  be  injected  into  the  open  ribs  of  the  wings.  Chabrier* 
describes,  besides,  a  bag  in  the  posterior  wings  of  beetles,  which  lies  at 
their  point  of  flexure,  and  which  is  filled  with  a  fluid  during  flight. 
The  equilibrium  is  thereby  thus  supported.  He  considers  in  the  other 
orders  the  stigma  analogous  in  function  to  this  bag.  The  clammy 
fluid  contained  in  this  stigma  is  probably  merely  parenchyma,  but  even 
in  insects  which  had  been  immersed  in  spirits  of  wine,  I  have  found  a 
moisture  in  the  bag,  but  which,  without  doubt,  was  introduced  from 
without. 

The  connection  of  the  wings  with  the  thorax  varies  according  to  the 
dfflTerent  orders.  Broad  wings,  attached  by  their  entire  bases,  are  found 
in  the  Coleoptera,  Orthopteray  Dictyoptera,  Neuropterd,  Hemipiera, 
and  Lepidoptera,  consequently  in  the  majority ;  wings  with  pedicles, 
and  attached  to  the  thorax  by  a  narrow  base,  are  found  in  the 
Hymenopiera,  some  of  the  Neuroptera,  and  the  Dipiera. 

The  superior  wings,  or  elytra,  of  the  beetles  have  at  their  base  two 
short  processes,  the  one  of  which  originates  at  the  inner  margin,  and 
the  other  at  the  outer  margin.  Both  articulate  with  two  processes  at 
the  mesonotum,  which  originate  from  it  at  the  anterior  part  of  the 
lateral  margin,  and  are  united  to  those  of  the  elytra  by  means  of  a 
flexible  membrane.  In  this  membrane  several  free  horny  pieces  are 
placed,  to  which  the  muscles  are  attached  which  move  the  wings; 
Straus  found  in  MeloUmtha  four  such  plates,  and  called  them  shoulder 
pieces  (1 .  prd'^pavliire,  and  3.  ipauliires) .  From  the  posterior  margin 
of  the  internal  process  of  the  joint  of  the  superior  wing,  a  delicate 
semicircular  membrane  springs  (frenum  of  Kirfoy  and  Spence),  which 
passes  over  to  the  similar  process  upbn  the  mesonotum,  and  which 
retains  the  expanded  wing.  In  Dyticus  it  is  narrower,  fringed  upon  its 
margin,  very  broad  in  Hydrophilus,  and  in  apterous  beetles  (Carabus) 
it  is  wanting.  This  membrane,  which  is  present  in  the  majority  of 
insects,  and  which,  for  example,  in  Libellula,  is  the  coloured  triangle 
at  the  posterior  margin  of  the  wing,  and  appears  very  similariy  in  the 
wings  of  the  grasshopper,  is  so  far  of  importance,  that  from  it  the 
scale  behind  the  wings  of  the  Diptera  derive  their  significance.  They 
are,  namely,  the  frena  of  the  superior  wings,  which  cannot  longer 

*  Sur  le  Vol  de»  Insectet.  Mem.  du  Mut^,  toin.  vi. — ^viii. 
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remain  in  immediate  connection  with  the  base  of  the  wings,  from 
this  being  contracted  and  narrowed,  whereby  the  scale  is  sepaiBted 
from  the  wing.  We  nevertheless  still  find  in  many  Diptera  a  con- 
nection. It  is  remarkable,  and  confirmatory  of  this  opinion^  that  those 
Diptera  which  want  this  scale,  are  such  whose  wings  stand  off  in  m 
state  of  repose,  as,  ibr  example,  in  Tipula,  But  this  frenum  peasea 
always  from  the  superior  wing  to  the  lateral  margin  of  the  scatcUum, 
and  the  scale  of  the  Dipiera  is  always  found  in  this  sitnation.  The 
Lepidoptera  are  not  deficient  in  this  membrane;  in  the  Hemipiera 
(for  example.  Cicada,  Plate  XIII.  No.  5.  1.),  it  is  partially  homy; 
in  the  Hymenoptera  it  has  but  small  compass,  bnt  in  these  it  is  not 
either  ever  wanting. 

The  connexion  of  the  posterior  wings  is  still  more  intimate  than 
that  of  the  anterior  pair,  whenever  they  are  larger  than  the  Litter. 
The  Coleoptera  exhibit  towards  the  base  of  the  wing  several  platciy 
which  lie  free  in  the  membrane,  and  which,  like  those  of  the  elytra,  pro- 
mote and  support  their  motion.  Straus  distinguishes  Ave  in  MeloUmika, 
and  calls  them  axillary  pieces  (} .  preaxillaire,  and  4.  axiUaires), 
Neither  is  the  connecting  membrane  which  runs  from  the  last  portion 
of  the  joint  to  the  margin  of  the  metathorax  wanting  here.  This  is 
likewise  the  case  in  the  large  posterior  wings  of  the  Ortkopiera  as 
well  as  of  the  Dictyotaptera  and  Neuroptera,  in  which  the  plates  and 
membrane  are  also  found,  and  in  the  latter  frequently  very  much  de- 
veloped.    Nor  is  it  wanting  in  the  other  orders. 

The  Diptera  are  remarkable  from  having  no  posterior  wings,  bnt 
instead  of  them  they  are  provided  with  two  pediculated  knobs,  which 
are  called  halteres.  Latreille  and  other  French  naturalists  will  not 
allow  these  organs  to  be  considered  as  the  rudiments  of  the  posterior 
wings,  whereas  the  majority  of  the  earlier  entomologists,  and  many 
modern  ones,  particularly  the  Germans,  consider  them  as  such.  If  we 
look  to  the  situation  of  these  organs,  it  speaks  Incontestibly  in  favour 
of  this  opinion,  for  they  are  exactly  situated  where  the  posterior  wings 
of  other  insects  are  found.  Besides,  they  stand  in  the  same  connection 
with  the  metathorax;  and,  indeed,  in  the  larger  6ies,  for  example, 
Tabanus  bovinut,  we  detect  the  analogue  of  the  connecting  membrane. 
The  knob  is  also  sometimes  (^Tipula  gigantea,  luiescens)  broad,  flat, 
and  provided  with  ribs  like  the  wings,  these  are  all  facts  which  cannot 
be  disputed,  and  which  corroborate  the  correctness  of  this  opinion. 
Latreille's  decision,  therefore,  that  the  last  segment  of  the  thorax  in 
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the  Diptera  belongs  to  the  abdomen^  because  a  spiracle  is  found  upon 
it,  requires  no  refutation  after  the  description  given  abo^e  of  the 
general  situation  of  the  spiracles. 

We  must  still  make  an  observation  upon  the  connection  of  the  wings 
together.  I  know  but  of  two  of  all  the  orders  of  insects  which  exhibit  an 
apparatus  for  the  connection  of  both  the  wings  together,  these  are  the 
Hymtnoplera  and  the  Lepidopiera. 

In  the  Htfmenoptera  it  consists  of  a  row  of  minute  booklets,  which 
are  bent  backwards,  and  are  placed  upon  the  anterior  margin  of  the 
posterior  wing,  and  which  fit  to  a  small  groove  along  the  posterior 
margin  of  the  superior  wing. 

In  the  Lepidopiera  this  apparatus  is  somewhat  more  complicated. 
Oioma,  who  appropriates  to  himself  the  priority  of  this  discovery, 
although  it  was  made  thirtyrseven  years  before  him  by  De  G^r  *, 
has,  however,  given  the  most  detailed  account  of  it  f.  There  is  found, 
namely,  at  the  base  of  the  posterior  wings  of  many  of  the  crepuscular 
and  night  moths,  a  spine  projecting  from  the  anterior  marginal  rib, 
which  is  sometimes  divided  into  several  radiating  branches.  This  spine 
is  enclosed  by  a  hook  placed  upon  the  central  main  rib  of  the  superior 
wing,  which  surrounds  the  whole  circumference  of  the  spine,  which  passes 
through  it  as  through  the  eye  of  Uie  needle,  but  which  can  freely  move 
itself  to  and  fro  within  it.  If  the  superior  wing  expands  by  means  of 
the  qxine,  it  draws  the  inferior  wing  with  it,  and  both  remain  in 
immediate  connexion;  a  provision  of  nature  which  is  rendered  the  more 
necessary,  as  we  shaU  see  below,  from  the  mesothorax  being  furnished 
with  large  musdes  of  connexion  and  motion,  which  are  entirely  wanting 
in  the  metathorax,  so  that  the  muscles  which  distend  the  superior 
wings  must  act  likewise  i^n  the  inferior  ones.  We  find  a  similar 
adaptation  in  the  muscles  of  the  Hjfmenopiera. 

II.   Thb  Muscular  Ststsm. 
§  169. 

The  muscles  of  insects,  like  those  of  the  higher  animals,  consist  of 
two  parts,  viz.  the  tendon  and  the  muscle.  Under  the  name  tendon 
we  understand  the  in  general  more  compact,  firmer,  and  uncontractile 

*  M^m.  pour  servir  i  THist  det  Iniectoffy  t.  i.  p.  173. 
-f-  Tnn».  of  Limuaan  Society,  rol.  i.  No.  7.  Lond.  1791. 
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ends  of  the  muscles,  bj  which  they  are  attached  to  the  parts  to  be 
moved :  the  muscle  itself  is  the  contractile  fleshy  portion  lying  between 
these  tendons.  If  the  tendon  be  wanting,  the  entire  generally  very 
broad  end  of  the  muscle  is  affixed  to  the  homy  skeleton,  and  such 
muscles  appear  applied  more  to  the  strengthening  of  all  the  parts  than 
to  the  motion  of  individual  ones. 

The  tendons  vary  much  in  shape  according  to  the  structure  of  the 
muscle,  but  they  always  consist  of  a  homy  mass,  distinguished  from 
that  of  the  skeleton  by  its  wanting  the  epidermis,  and  the  coloured 
layer  of  the  mucous  tunic,  and  therefore  Straus  considers  them  as  an 
elongation  of  the  internal  layer  of  the  horny  skeleton,  to  which  the 
epidermis  cannot  assist,  as  it  lies  externally,  and  this  view  appears 
to  be  correct.  The  homy  tendons,  consequently,  cannot  participate 
in  the  external  colour  of  the  exterior  integument,  but  they  are,  like  its 
intemal  layer,  of  one  uniform  black  or  brown  hue,  so  that  they  are  easily 
distinguished  from  the  flesh  of  the  muscle.  In  form  they  are  longer  or 
shorter  bones,  which,  at  the  side  turned  to  the  muscle,  gradually 
distend  into  a  flat  surface,  to  which  the  muscle  is  attached.  The  form 
of  these  surfaces  varies  according  to  what  is  required  by  the  muscle,  for 
it  is  broad  and  plate-shaped  for  short  thick  ones,  and  for  long  thin  ones 
we  find  it  also  long  and  resembling  a  scale. 

The  muscle  itself  is  a  union  of  delicate  white,  or  yellow  and  red 
parallel  fibresy  which  frequently,  particularly  if  the  insect  has  been 
preserved  in  spirits  of  wine,  are  readily  separated  from  each  other. 
If  these  fibres  be  examined  under  the  microscope,  we  distinguish 
partitions  at  short  distances,  which  appear  to  separate  it  in  equal  parts; 
but  upon  a  careful  examination,  we  find  that  the  fibre  consists  of  small 
lamince  lying  one  upon  the  other,  and  which  at  one  spot  are  de- 
pressed into  an  angle,  and  are  thereby  attached  to  each  other,  which 
consolidates  their  union.  This  discovery,  for  which  we  are  indebted 
to  the  careful  Straus*,  is  the  more  important,  as  thereby  we  detect  a 
uniformity  of  structure  of  the  animal  organs  in  their  most  minute  parts, 
as  the  fibres  of  the  nerves  likewise  consist  of  consecutive  globules.  In 
the  muscular  fibres  these  globules  have  become  plates  from  their  firmer 
connexion  together,  and  their  consequent  mutual  pressure.  Straus 
found  this  union  in  all  the  muscles,  but  in  the  larger  ones  the  indi- 
vidual fibres  first  formed  bundles,  whereas,  in  the  smaller  ones,  they  lie 

*  Contid.  General,  p.  US. 
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re^arly  together.  In  the  Mammalia  (the  ox)  he  did  not  find  this 
atmctnre,  whereas  he  saw  it  in  the  eagle,  a  fact,  which,  if  shown  to  be 
the  case  in  all  birds,  would  still  increase  the  evident  parallelism  of  both 
classes*. 

With  respect  to  the  general  form  of  the  muscles,  we  may  in  the 
'first  place  separate  those  without  tendons  from  those  with.  Those 
unprovided  with  tendons  have  the  peculiarity  of  retaining  throughout 
their  whole  course  paraUel  sides,  and  always  take  the  form  of  flat  bonds 
or  thick  prisms.  Such  flat  band-shaped  muscles  we  find  between  the 
several  segments  of  the  abdomen,  and  which  serve  to  unite  them 
together :  the  prispiatic  muscles  without  tendons  we  find  between  the 
phragmata,  and  indeed  the  dorsal  ones  in  general  are  of  this  form. 

The  muscles  with  tendons,  Straus  arranges  under  the  following  five 
divisions : — 

1.  Conical  muscles.  The  belly  of  the  muscle  has  the  form  of  a 
cone,  originating  from  a  broad  flat  base,  and  proceeding  to  a  smaller 
point  of  insertion.  From  the  apex  of  the  cone  the  long  tendon 
springs,  and  distends  itself  in  the  belly  of  the  muscle,  in  the  direction 
of  its  axis,  here  spreading  into  a  flat  surface,  to  which  the  individu^ 
fasciculi  are  attached.  Sometimes  this  surfoce  is  divided  into  several 
lobes. 

2.  Pybamidal  muscles.  The  belly  of  the  musdc  is  shorter,  as  is 
likewise  the  entire  tendon  surrounded  by  it.  This  is  broad  and  divided 
into  several  leaves  (for  example,  the  mandibulary  muscles). 

3.  PsEUDO-PENNiPOBM  MUSCLES.  Flat  triangular  muscles,  the 
fibres  of  which  originate  all  in  a  row,  and  attach  themselves  sometimes 
at  one,  and  sometimes  upon  both  sides  of  the  long  tendon  (the  muscles 
of  the  femoras  in  Locusta), 

4.  Penniform  MUSCLES  differ,  from  the  mai^  of  their  tendon 
being  fibrous.  These  fibres  originate  sometimes  at  one  side  and  some* 
times  at  both  sides  of  the  long  tendon. 

5.  Ck>MPOUND  MUSCLES  are  those  which  consist  of  simple  bellies, 
all  the  tendons  of  which  unite  into  one  band,  or  in  which  one  tendon 
after  the  other  takes  up  several  bundles  of  muscles. 

To  these  ^ve  forms  we  may  add,  as  a  sixth,  cylindrical  muscled  , 
the  tendon  of  which  is  a  flat  round  plate,  to  which  the  fibres  are 

*  Compare  Nitzsch  in  Meckel*!  ArchiT.  1826. 
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attached.  From  the  centre  of  this  plate  a  longer  or  shorter  straight 
process  springs,  which  unites  itself  with  the  part  reqniring  motion. 
The  great  muscles  of  the  wings  are  formed  in  this  manner.  Audooin 
considers  these  horny  tendons  as  processes  of  the  thorax,  and  he  calls 
them  Epid^mes. 

Double-bellied  muscles,  or  such,  namely,  where  two  bellies  lie  behind 
each  other,  and  are  united  together  by  a  central  tendon,  as  they  aie 
found  in  the  superior  animals,  are  not  discoverable  in  insects. 

Besides  this  division  of  the  muscles,  according  to  their  variations  of 
form,  we  may  likewise  separate  them  into  three  groups,  aooording  to 
their  functions. 

The  first,  which  we  will  call  connecting  muscles,  pass  within  the 
cavity  of  a  part  from  one  portion  of  the  skeleton  to  the  other,  and  thus 
consolidate  the  connexion  of  .the  several  plates  together.  These  are  in 
general  the  largest  of  all  the  mnscles,  and  they  have  no  tendons :  when 
they  contract,  the  cavity  in  which  they  are  found  contracts  likewise, 
but  when  they  become  ilaocid,  it  again  distends.  To  these  belong  the 
large  muscles  of  the  back,  which  are  spread  between  the  phragmata, 
and  likewise  the  large  muscles  of  the  sides,  which  pass  from  the  back 
to  the  breast,  and  then  those  which  lie  between  the  plates  of  the 
abdomen. 

The  others,  which  may  be  called  distinctively  the  muscles  of  motion, 
pass  from  a  portion  of  the  homy  skeleton  to  the  limbs,  or  from  one 
joint  of  the  latter  to  the  other.  They  originate  with  a  brood  base  from 
a  part  of  the  skeleton,  and  pass  on  by  a  thinner  apex,  terminating  in  a 
tendon,  to  a  part  of  the  limb.  Their  character  also  divides  them  into 
two  groups.  The  first,  which  are  called  fi<bxob8  {addudores  seu 
Jlexores),  lie  on  the  inside  of  the  limb,  and  draw  it  to  its  base,  to 
which  it  is  affixed ;  the  others,  or  bxtbnsors  ( abductorts  *eu 
exlensores),  work  in  an  opposite  direction,  distending  the  limb  again 
as  soon  as  they  get  in  action.  They  lie  on  the  exterior  of  the  limb, 
and  attach  themselves  to  the  exterior  angle  or  edge  of  the  parts  to  be 
moved. 

These  are  the  various  general  qualities  of  the  muscles ;  we  come  now 
to  the  investigation  of  the  individual  ones,  which  we  will  examine  in 
the  order  of  their  situation,  examining  first  the  muscles  of  the  head 
and  its  joints,  then  those  of  the  thorax  and  the  limbs  attached  to  it,  and 
lastly  those  of  the  abdomen. 
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A.  Muscles  of  the  Head. 

§  170. 

The  muscles  of  the  head  may  be  divided  into  those  appropriated  to 
the  motion  of  the  whole  bead  and  the  muscles  of  the  oral  organs  and 
antennae.  The  head  has  the  freest  motion  of  all  the  moveable  parts  of 
the  body ;  it  has  thence  the  most  numerous  muscles  of  motion^  namely, 
such  which  raise  it  (extensors),  such  which  sink  it  (flexors),  and  such 
which  turn  it  to  the  right  and  left  (the  rotatory  muscles). 

The  extensors^  or  raisers  of  the  head  (elevatores  capitis),  are  two- 
fold ;  two  bellies  originate  close  together  from  the  central  line  of  the 
pronotum,  they  somewhat  separate  in  their  course^  and  attach  themselves 
laterally  to  the  mai^n  of  the  occipital  aperture  (thence  called  external 
extensors,  elevator  exUrni).  They  ore  shorter  and  broader  than  the 
two  other  bellies,  which  come  from  the  prophragma,  proceed  oon- 
t^uoasly  over  the  pharynx  and  through  the  prothorax,  and  passing 
between  the  preceding  affix  themselves  to  the  central  part  of  the 
superior  margin  of  the  occipital  aperture.  All  four  raise  the  head  up, 
one  acting  alone  draws  it  somewhat  on  one  side. 

The  flexors,  or  depressors  (dtpressores  capitis)^  are  two  small 
inttscles  which  lie  at  the  under  side  of  the  neck,  and  originate  from 
the  nedc-plate,  or,  where  this  is  wanting,  from  the  inner  margin  of  the 
pmstemum,  and  affix  themselves  to  the  lower  margin  of  the  occipital 
ftpertnre. 

Contiguously  to  them  two  other  small  muscles  originate,  which  turn 
oatwardly  and  attach  themselves  to  the  lower  part  of  the  lateral  margin 
of  the  occipital  aperture ;  they  correspond  with  the  anterior  bellies  of 
the  extensors,  and  might  consequently  be  called  external  flexors 
(depre9sore9  externi). 

The  rotatory  muscles  of  the  head  (rotaiores  capitis),  are  two  broad 
fiat  muscles,  which,  coming  from  the  lateral  margin  of  the  prosternum, 
affix  themselves  to  the  corresponding  margin  of  the  occipital  aperture, 
imd  bend  the  head- outwardly  if  one  only  be  in  action,  but  in  conjunc- 
tion they  assist  to  draw  the  head  into  the  cavity  of  the  thorax. 

In  all  insects  with  a  free  head,  {Diptera,  Lepidoptera,  Neuroptera^ 
Diciyaiopiera,  and  Hymenopiera,)  all  these  muscles  are  very  small, 
flat,  and  like  a  band ;  the  following,  on  the  contrary,  which  belong  to 
the  plates  of  the  throat,  are,  as  well  as  these  plates,  entirely  wanting. 
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The  muscles  which  run  to  the  plates  of  the  throat  may  properly 
be  classed  with  the  flexors  of  the  head,  for,  as  the  true  flexors 
are  attached  to  these  plates,  a  contraction  of  these  plates  likewise 
draws  the  head  downwards  and  backwards.  There  are  three  on 
each  side: — 

One,  the  flexor  of  the  throat-plate,  originates  from  the  inner 
process  of  the  prostemum,  and  aflixes  itself  in  the  centre  of  the  plate 
of  the  throat. 

The  second,  or  straight  extensor,  affixes  itself  internally,  contiguously 
to  the  other,  and  passes  diagonally  from  the  prophragma  through  the 
cavity  of  the  prothorax. 

The  third,  or  oblique  extensor,  comes  from  the  exterior  margin  of 
the  pronotum,  and  affixes  itself  to  the  plate  of  the  throat,  between  the 
former  and  the  flexors  of  the  head.  The  two  last  retain  the  plates 
of  the  throat  in  their  place,  which  naturally,  from  the  situation  of  the 
flexors  of  the  head,  is  exposed  to  greater  force;  the  first  assists 
the  head  inwards,  and  also  to  draw  the  plate  of  the  throat  down, 
acting  in  opposition  to  the  two  extensors. 

§  171. 

MUSCLES   OF   THE   MANDIBLES. 

Of  the  muscles  of  the  joints  of  the  head  we  will  first  examine  those 
of  the  mandibles ;  we  find  two,  namely,  a  flexor  and  an  extensor. 

The  flexor  of  the  mandible  originates  from  the  entire  posterior  and 
upper  side  of  the  skull ;  it  becomes  pyramidal  and  affixes  itself,  after 
passing  the  lateral  portion  of  the  brain,  by  means  of  a  strong  and  fre- 
quently divided  tendon  to  the  inner  margin  of  the  mandible.  In  many 
iusects,  for  example,  the  grasshopper,  the  entire  muscle  consists  of  two 
contiguous  bellies. 

The  extensor  of  the  mandible  originates  beneath  the  former  from 
the  posterior  and  lower  portion  of  the  skull  5  it  is  smaller  and  weaker, 
it  has  a  long  thin  tendon,  and  affixes  itself  to  the  exterior  margin  of 
the  mandible  between  the  two  above-described  joint  balls. 

The  maxills,  which  are  of  a  much  more  complicated  structure,  have 
several  motive  muscles,  which  may  be  divided  into  four  groups, 
according  to  the  part  of  the  maxillae  to  which  they  pass. 

There  are  three  muscles  which  move  the  entire  maxillc 

The  first,  the  flexor  of  the  maxiUse,  is  the  largest ;  it  originates 
from  the  inner  side  of  the  throat,  closely  in  front  of  the  occipital  aperture. 


THE   MUSCULAR   SYSTBV,  253 

ind  is  sometimes  conical,  and  affixes  itself  to  the  innermost  process  of 
the  transrerse  basal  portion  {p.  bemlaris  s.  cardo). 

The  extensor  of  the  maxillae  originates  from  the  inner  side  of  each 
temple,  beneath  the  eyes ;  it  is  the  smallest  of  the  three,  and  affixes 
itself  to  the  moat  external  process  of  the  base. 

The  third  muscle,  which  may  be  called  the  first  contractor  of  the 
maxillae,  originates  from  the  lower  margin  of  the  occipital  aperture, 
puses  transrersely  over  the  flexor,  and  inserts  itself  between  the  flexor 
and  extensor  at  the  base.  Both  contractors  acting  in  conjunction 
draw  the  maxillae  together. 

Two  other  muscles,  which  likewise  move  the  entire  maxillae,  are 
inserted  in  the  piece  described  as  the  stem. 

The  one,  which  may  be  called  the  second  contractor,  originates  like- 
wise from  the  margin  of  the  occipital  aperture,  but  in  the  centre,  in 
front  of  the  first,  and  inserts  itself  in  the  lowest  most  ii^temal  angle  of 
the  base;  the  other,  or  second  flexor,  originates  from  the  inner  wall  of 
the  ocdpnt,  lies  above  all  the  others,  and  inserts  itself  with  a  long  thin 
tendon,  likewise  at  the  lower  inner  angle  of  the  stem,  closely  conti- 
gioHs  to  the  second  contractor.  It  is  the  longest  and  largest  of  all  the 
muscles  of  the  maxillae. 

The  galeae,  which  are,  as  they  have  been  called,  the  internal 
maxillary  palpi,  reeeive  each  two  muscles,  which  lie  in  the  maxillae 
themselves. 

The  flexor  of  the  galea  is  the  largest ;  it  originates  from  the  inner 
side  of  the  stem,  and  affixes  itself  to  the  inner  margin  of  the  galea. 

The  extensor  of  the  galea,  which  is  longer  but  smaller,  originates 
^rom  the  innor  side  of  the  exterior  wall  of  the  stem,  and  inserts  itself 
at  the  exterior  margin  of  the  galea.  The  exterior  one  gives  off  also 
numerooa  fasciculi  to  that  portion  of  the  maxille  which  bears  the  palpi, 
and  it  ia  thereby  united  intimately  with  the  stem. 

The  last  mnsdes  of  the  maxillae^  which,  like  the  preceding,  lie 
wholly  in  it,  move  the  maxillary  palpi.  Their  flexor  originates  from 
the  inner  margin  of  the  palpal  plate  belonging  to  the  maxillae,  and 
inserts  hself  at  the  inner  margin  of  the  first  joint  of  the  palpus ;  their 
extensor  comes  from  the  inner  side  of  the  exterior  wall  of  the  stem, 
and  inserts  itself  at  the  exterior  margin  of  the  first  joint  of  the  palpus. 
The  joints  of  the  palpi  themselves  have  each  two  muscles,  a  flexor 
and  an  extensor.    The  former  springs  from  the  inner  margin  of  the 
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preceding  joints  the  latter  from  the  exterior,  aiid  both  insert  them- 
selves  at  the  corresponding  parts  of  the  basal  aperture  of  the  joint  which 
they  move. 

§  172. 

MUSCLES   OF   THB    LTP8. 

The  upper  lip>  or  labrum^  has  in  Meloloniha  but  one  kind  of  muscle, 
namely^  the  flexor  or  bender,  which  originates  on  each  side  from  the 
brow,  close  to  the  eyes,  and  runs  down  to  the  extreme  angle  of  the 
labrum.  In  LocustOy  I  have  distinctly  observed  two  different  muscles ; 
both  were  flat,  resembling  bands,  and  originated  from  the  forehead, 
the  anterior  one,  or  abductor  of  the  labrum^  originated  between  the 
eyes,  and  inserted  itself  upon  the  inner  surface  of  the  exterior  wall  of 
the  labrum  ;  the  second,  or  adductor  of  the  labrum,  originated  above 
the  former,  at  the  boundary  between  the  forehead  and  vertex,  and  ran 
separated  from  it  as  far  as  the  apex  of  the  labrum,  leaning  against  the 
membrane  of  the  soft  palate,  and  supporting  it. 

The  labium,  like  the  maxillae,  being  of  a  more  complicated  struc- 
ture, receives  several  muscles. 

The  adductor  of  the  labium  originates  from  the  most  anterior  edge 
of  the  skeleton  of  the  head ;  it  has  a  broad  basis,  and  runs  pyramidally 
to  the  mentum,  joining  it  in  front  of  the  articulation  of  the  palpi.  In 
the  Coleoptera  there  are  two  adductors,  one  on  each  side  of  the  men- 
tum ;  in  Locusta  I  found  but  one  central  one. 

In  front  of  it,  or  between  them  when  there  are  two  adductors  to  the 
labium,  the  muscles  of  the  tongue  originate,  which  are  two,  likewise 
short,  pyramidal  muscles  inserted  at  the  lower  side  of  the  tongue,  and 
connect  this  with  the  labium :  1  call  them  the  reins  of  the  t(mgue.  In 
Locusta  I  found  but  one  muscle  of  the  tongue,  resembling  that  of  the 
labium  in  its  broad  flat  form,  which  originated  in  front  of  the  latter, 
from  the  tentorium,  and  passed  to  the  posterior  wall  of  the  tongue. 
To  the  anterior  wall,  or  the  soft  membrane  clothing  the  tongue,  on  the 
contrary,  another  muscle  passed,  which  I  call  the  flexor  of  the  tongue, 
and  which,  running  likewise  closely  to  the  membrane  of  the  tongue 
and  of  the  palate,  originated  with  a  broad  base  from  the  anterior 
boundary  of  the  tentorium. 

The  flrst  joint  of  the  labial  palpus  has  its  flexor  and  extensor;  the 
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fbmer  originates  fnm  the  centre  of  the  mentum,  and  passes  to  its 
ioncr  ma^guiy  and  inserts  itself  at  the  exterior  margin  of  the  joint. 
The  snceeeding  joints  have  a  similar  structure  to  those  of  the  max- 
iUarj  palpi. 

§  173. 

The  antennie  hare  three  muscles  which  move  them — an  extensor, 
which  originates  from  the  forehead  in  front  of  the  eyes,  and  affixes 
itself  to  the  exterior  margin  of  the  basal  joint ;  a  flexor,  which  ori- 
ginates from  the  anterior  apex  of  the  inside  of  the  skull,  and  affixes 
itielf  to  the  inner  margin  of  the  basal  joint ;  and  an  elevator,  which 
originates  exteriorly  contiguous  to  the  extensor  from  the  margin  of  the 
^e,  and  inserts  itself  at  the  lower  margin  of  the  basal  joint. 

The  individual  joints  have  each  two  muscles,  namely,  those  known 
from  their  situation  as  extensor  and  flexor. 

Besides  the  above-named  muscles  there  are  other  smaller  ones, 
which  retain  the  pharynx  and  palate  in  their  proper  place.  In  Locusta 
the  muscles  of  the  lips  and  tongue  participate  in  this ;  in  the  Coleo- 
pUra  they  originate  from  the  inside  of  the  skull,  and  insert  themselves 
at  the  pharynx,  or  from  the  forehead  itself  when  the  processes  of  the 
head  do  not  advance  so  far.  In  Dyticus,  from  the  skull  of  which  two 
long,  bent,  homy  processes  originate,  which  extend  as  far  as  the  fore- 
bead,  and  enclose  the  pharynx  between  them,  they  originate  from  the 
inner  margin  of  these  processes.  In  Melohniha^  in  which  this  internal 
frame  of  the  head  is  smaller,  two  come  from  the  forehead  itself,  and 
two  others,  smaUer,  on  each  side,  from  the  clt/peus  :  it  is  the  same  in 
locusta  2JiA  GryUus, 

§  174. 

In  insects  with  haustellate  oral  organs  the  muscles  of  the  month  are 
nnch  smaller.  The  Hymenoptera  display  the  greatest  conformity, 
particalarly  as  they  have  large  mandibles,  and  we  can  even  recognise 
in  thdr  maxiUs  analogous  muscles.  The  entire  suctorial  apparatus, 
namely,  the  proboscis,  with  the  maxillae,  palpi,  and  labium,  has  a 
owfeable  basis,  formed  of  several  united  bony  pieces,  which,  by  means 
oft  soft  but  tense  membrane,  stand  in  connection  with  the  margin  of 
^  Isrge  oral  aperture  of  the  head.  According  to  Treviranus  *  there 
lie  in  this  membrane  one  simple  and  four  double  homy  bones.     Ihe 

•  YenniKhte  Schriften,  vol.  ii.  p.  117,  PI.  XUI.  f.  1. 
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two  first  (PL  VI.  f.  5.  1.)  lie  in  the  anterior  margin  of  this  mem- 
brane^ in  a  transverse  direction  to  the  proboscis,  but  linearly  with 
respect  to  each  other,  directly  behind  the  mentum.  From  the  exterior 
ends  of  each  of  these  two  pieces  there  originates  a  similar  (2)  bone, 
which  extends  posteriorly  upwards,  the  point  of  which  touches  a  third 
(3)  bone^  which  furcates  and  descends  from  here  to  the  posterior  end 
of  the  membrane.  Both  the  prongs  of  the  fork  join  at  their  ends  a 
fourth  (4)  uneven  main  bone,  which  lies  transversely  at  the  end  of  the 
membrane,  and  opposite  to  the  two  first,  which  lie  immediately  behind 
the  mentum ;  the  fifth  paired  main  bone  (5)  originates  likewise  at  each 
end  of  this  fourth  unpaired  bone,  and  runs  at  the  margin  of  the  mem- 
brane close  to  the  horny  aperture  of  the  head.  All  nine  thus  construct  one 
valve,  the  anterior  lobes  of  which  are  formed  by  the  two  first  transverse 
and  anterior  lateral  bones,  and  the  posterior  lobes  by  the  second  lateral 
bones,  the  fourth  transverse  and  the  two  marginal  bones  originating 
from  its  end.  The  articulation  takes  place  at  the  point  of  con- 
nexion of  the  two  second  and  third  bones.  If  the  mentum  (the  same,  a.) 
be  withdrawn,  the  membrane  and  bones  lie  like  a  valve  together,  but  if, 
on  the  contrary,  the  suctorial  apparatus  be  distended,  the  membrane  is 
stretched  out  by  means  of  the  bones,  and  these  push  the  chin  forward  be- 
fore it.  The  motive  apparatus  of  the  butterflies  is  much  more  simple ; 
in  them  a  double  band-shaped  muscle  runs  along  each  half  of  the  pro- 
boscis, which  clothes  the  entire  cavity,  leaving  merely  a  narrow  central 
canal.  Both  these  muscles  roll  up  and  distend  the  proboscis,  and  also 
unite  it  with  the  head,  inserting  themselves  partially  upon  the  horny 
wall,  and  partly  upon  the,  indeed  very  small,  internal  frame-work  of 
the  head.  The  smallness  of  their  head  arises  from  the  disappearance 
of  the  muscles  of  the  mandibles.  The  same  may  be  maintained  of  the 
Hemiplera ;  they  also  have  but  delicate  muscles,  which  elevate  and 
withdraw  the  sheath,  as  well  as  still  smaller  ones,  which  rein  the  sets. 
The  Diptera,  although  they  have  in  general  a  large  head,  derive  it 
from  the  preponderance  of  their  eyes,  for  the  muscles  which  pass  to 
their  mouth  are  likewise  abortive ;  the  fleshy  proboscis  alone,  which  we 
consider  as  the  labium,  receives  two  large  and  tolerably  broad  band- 
shaped  muscles,  which  originate  from  two  ridges  placed  internally 
over  the  aperture  of  the  mouth,  and  arched  from  the  cheeks  to  the 
dypeusj  and  which  extend  also  to  the  apex  of  the  proboscis.  They, 
withdraw  the  proboscis  within  its  cavity,  and  are  therefore  called  the 
extensors  of  the  haustellum. 
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§  175. 

B.   MUSCLBS   OF   THB    ThORAX. 

Tbe  muscles  of  the  thorax  must  be  considered  under  several  points 
of  vievj  which  proceeds  from  the  differences  of  structure  di^layedin  this 
portioo  of  the  body.  The  muscular  system  differs  in  insects  with  a 
free  prothorax  from  that  of  those  with  an  immoveable  connate  one ; 
to  which  we  may  add  the  muscles  of  the  limbs^  which  likewise  all  lie 
in  the  thorax,  and  a  portion  of  which  pass  to  the  wings  and  the  rest  to 
the  legs.  We  have  thus  four  main  divisions  into  which  the  muscular 
lystem  of  the  thorax  may  be  separated :  we  will  therefore  commence 
vith  the  system  observed  in  insects  with  a  free  prothorax. 

§176. 

MUSCLBS   OF   IN8BCT8   WITH   A    FRBB    PROTHORAX. 

The  prothorax  exhibits  on  each  side  four  muscles,  whereby  it  is  held 
connected  with  the  meso-  and  metathorax. 

The  krgest  or  superior  retractor  (jretractor  prothoracis  superior) 
ffigiittites  from  the  centre  of  the  mesonotum  with  a  broad  basis,  and 
mils  pyramidally  to  the  prophragma  or  the  anterior  partition  of  the 
mesoDotum. 

Opposite  to  it  there  lies  a  smaller  lower  retractor  (retractor  pro- 
ikoracii  inferior),  which  unites  the  internal  furcate  process  of  the 
pn>-  and  mesostemum. 

The  elevator  (elevator  prothoracis)  is  a  small  pyramidal  muscle, 
which  originates  on  each  side  frtim  the  exterior  margin  of  the 
prophragma,  and  affixes  itself  to  the  corresponding  fork  of  the 
pratemnm. 

The  fourth  and  largest  of  all,  the  rotator  (rotator  prothoracis), 
comes  firom  the  posterior  margin  of  the  pronotum,  passes  beneath  the 
pTophagma,  and  affixes  itself  to  the  exterior  edge  of  the  mesophragma 
or  the  anterior  portion  of  the  metathorax. 

The  mesotborax,  which,  in  the  beetles,  is  the  smallest  portion 
of  the  thorax,  has  but  few  musdes  which  unite  it  with  the  meta- 
thorax. 

One,  the  holder  of  the  mesonotum,  is  a  flat,  thin  but  broad 
miucle,  which  passes  from  the  posterior  wall  of  the  prophagma  to 
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the  mesophragma.  Another,  which  may  l)e  called  the  withdrawer, 
goes  from  the  lower  margin  of  the  prophragma  to  the  wings ; 
passing  in  its  course  closely  to  the  exterior  margin  of  the  meso- 
phragma, it  assists  to  expand  the  wings,  and  at  the  same  time 
draws  the  mesothorax  closer  to  the  metathorax.  Another  holder  of 
the  mesostemum,  corresponding  with  that  of  the  mesonotum,  originates 
from  the  posterior  wall  of  the  furcate  process,  and  passes  to  its  an- 
terior portion  upon  the  metastemum.  (Le  pritracteur  de  I*  apophyse 
episiernale  postirieure  of  Straus.) 

The  muscles  of  the  metathorax  are  considerably  larger.  They  may 
be  considered  as  the  stem  of  the  entire  trunk  of  the  beetle,  to  which 
the  other  parts  are  all  attached.  It  is  thence  that  the  true  muscles  of 
the  metathorax  serve  only  for  its  own  consolidation  and  strength,  and 
not  for  its  connexion  with  other  parts. 

The  largest  and  strongest  of  all  is  the  dorsal  muscle  (musculus 
metanoti,  Vahaisseur  de  Vaile  of  Straus),  a  thick  powerful  fleshy 
bundle,  which  passes  from  the  entire  mesophragma  to  the  metaphragma. 
It  fiedls  properly  into  two  halves,  one  of  which  belongs  to  each  side  of 
the  thorax,  but  both  join  together  at  the  central  line. 

The  lateral  dorsal  muscles  {musculi  laterales  metanoti,  les  priirac^ 
teurs  de  I'aile  of  Straus)  do  not  much  yield  in  size.  These  originate 
from  the  lateral  portion  of  the  metanotum,  descend  obliquely  to  the 
metaphragma,  and  thus  consolidate  the  dorsal  plates. 

The  third  connecting  muscles  of  the  metathorax  run  from  the  sides 
of  the  metanotum  to  the  side  of  the  metastemum,  but  so  that  they 
originate  at  the  anterior  margin  of  the  metanotum,  in  front  of  the  last- 
named  muscle,  and  pass  obliquely  to  the  posterior  lateral  part  of  the 
sternum,  and,  consequently,  to  the  cavity  of  the  posterior  1^.  They 
are  divided  into  several  bellies  lying  contiguously,  all  of  which  closely 
unite  the  dorsal  plate  and  sternum  together,  and,  by  their  contraction, 
they  appear  very  much  to  promote  respiration.  I  call  them  the  lateral 
muscles  of  the  metathorax.  They  are  what  Straus  calls  leg  eUvateurs 
de  I'aile. 

We  have  already  mentioned  one  muscle  connecting  the  meta*  with 
the  mesothorax.  Besides  which,  we  find  thin  prismatica)  muscles, 
which,  originating  at  the  furcate  branches  of  the  internal  process  of  the 
sternum,  pass  transversely  to  the  sides  of  the  dorsal  plates,  and  thereby 
unite  it  still  more  strongly  with  the  sternum.  They  encompass  below 
the  intestinal  canal  and  above  the  straight  dorsal  muscles^  and  insert 
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tbcnifielves  contiguously  to  them  at  the  mesothorax.  They  are  most 
distinct  ID  the  grasshoppers  and  Termites.  In  the  Coleoptera  several 
are  found  upon  each  side^  some  of  which  come  from  the  front  and  others 
from  behind  from  the  back.  I  call  them  furcate  dorsal  muscles  (musm 
cuH  Jmrci-^icrsaies,)  They  are  the  Jiechisseur  lateral  de  i'apopkyse 
episUmaie  post^rieure,  I'abaUseur  du  iergumy  et  I'ahaisseur  du  dia* 
pkragme,  of  Straus. 

§   177. 

THE   MUSCULAR    SYSTEM    OF    INSECTS    WITH    A    CONNATE    THORAX. 

While  in  insects  with  a  free  prothorax  the  greatest  portion  of  the 
entire  thorax  is  occupied  by  the  metaUunrax,  in  those  orders  in  which 
the  thoracic  case  is  closely  united  together^  the  mesothorax  preponderates 
in  ft  like  manner.  The  Cicada  make  the  transit  to  this  conformation, 
for  in  these  insects,  although  they  possess  a  free  and  moveable  pro« 
thorax,  still  the  greatest  space  is  occupied  by  the  mesothorax.  The 
large  muscles  of  attachment  and  muscles  of  connection  consequently  lie 
in  the  mesothorax  in  insects  of  this  structure  and  in  the  Hymenoptera, 
and  indeed  between  the  prophragma  and  the  mesophragma,  or,  when  the 
former  is  very  small,  between  the  mesonotum  and  the  mesostemal  plate, 
in  the  first  case,  it  is  the  dorsal  muscles  which  are  chiefly  developed, 
and,  in  the  latter  case,  the  lateral  muscles  of  the  back.  We  thus  find  it 
in  Cicada,  whose  enormous  lateral  muscles  of  the  back  nearly  entirely 
iopplant  the  true  muscles  of  the  sides.  In  the  Lepidoptera,  on  the 
contrary,  the  true  dorsal  muscles  are  the  largest,  although  the  pro- 
phragma  is  but  small :  they  consequently  originate  from  the  anterior 
portion  of  the  mesonotum,  and  so  increase  that  they  occupy  two-thirds 
of  the  thoracic  cavity.  In  the  Dipiera,  lastly,  the  lateral  muscles  are 
^  large.  They  originate,  as  is  always  the  case,  from  the  lateral 
ndgM  of  the  mesonotum,  and  pass  on  to  the  mesostemum  in  front  of 
the  cavities  of  the  ooxe.  In  Erigtalis  ttnax  I  have  distinguished  two 
s^pvated  lateral  muscles  on  each  side,  the  most  posterior  of  which 
utserts  Itself  between  the  cavities  of  the  intermediate  and  posterior 
coxe.  But  diis  is  possible  in  the  Diptera  only,  for  in  them  the  meso- 
phragma  is  wanting,  or,  radier,  is  so  small,  that  it  may  be  considered  as 
defideat.  The  dorsal  muscles,  therefore^  are  also  distended  between 
the  mesonotum  and  the  metaphragma,  but  do  not  run  parallely  with 
^  form^,  but  incline  more  obliquely  downwards. 
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The  connecting  muscles  of  the  sternal  processes  exhibit  no  other 
differences  than  that  the  smaller  these  processes  become,  the  more  they 
also  decrease  in  size.  In  general,  these  processes  are  very  small  in  the 
above  orders,  and  it  is  thence,  probably,  that  I  could  never  discover  in 
them  the  furcate  dorsal  uiuscles,  if  these  positively  exist,  which  I  feel 
much  inclined  to  doubt  from  the  course  of  my  observations. 

§  178. 

MUSCLES    OF   THE   WINGS. 

The  true  muscles  of  the  ^vings  originate,  like  the  lateral  muscles, 
from  the  lateral  parts  of  the  sternum,  and  pass  on  with  pointed  tendons 
to  the  ribs  of  the  wings.  We  find  their  extensor  the  most  developed, 
and  their  flexor  the  least  so. 

The  large  extensor  of  the  wing  {extensor  alee  magnus)  originates 
inwardly  from  the  lateral  portion  of  the  sternum,  closely  contiguous  to 
its  internal  process,  and  proceeds  transversely  to  the  large  marginal  rib 
of  the  wing,  inserting  itself  at  a  plate-shaped  tendon,  which  hangs  in 
immediate  connection  with  the  base  of  this  marginal  rib.  (PL  XI. 
No.  3.  f.  8.  a.)  If  the  anterior  wings  be  the  largest,  as  in  the  Ht^meti- 
optera  and  Lepidoptera,  the  dorsal  muscle  of  the  anterior  wing  is 
likewise  the  largest ;  but  if  the  posterior  wings  are  wanting,  as  in  the 
Diptera,  their  extensor  is  also  wanting ;  and  if  both  are  of  equal  size, 
as  in  the  LibelluUe  and  the  majority  of  the  Neuroptera,  their  extensors 
also  are  of  equal  size ;  but  if  the  posterior  wings  are  the  largest,  as  in 
the  Coleopiera  and  Orthoptera,  this  is  likewise  the  case  with  their 
extensors.  The  extensor  of  the  elytra  is,  for  instance,  very  small, 
whereas  the  extensor  of  the  wing  is  of  great  size. 

The  small  extensor  (^extensor  aUe  parvus)  originates  behind  the 
larger  one  from  the  lateral  part  of  the  sternum,  or,  frequently,  from 
its  inflexion,  formed  by  the  cavity  of  the  coxee,  it  runs  contiguously 
and  parallel  with  the  larger  one  as  fiEU'  as  the  articulation  of  the  wing, 
and  likewise  inserts  itself,  by  means  of  a  plate-shaped  but  smaller 
tendon,  to  the  second  or  posterior  chief  rib  of  the  wing. 

The  flexors  of  the  wing  (Jlexores  ala)  are  much  smaller:  they 
originate  from  the  porapleura,  or,  where  this  is  not  separated,  from  the 
superior  part  of  the  lateral  process  of  the  sternum,  and  insert  themselves 
at  the  posterior  margin,  or  upon  the  homy  plates  lying  at  the  base  of 
the  wing.     In  the  Coleopiera,  the  flexor  of  the  posterior  wing  consists 
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of  three  bellies,  which  pass  like  three  rays  from  the  pleura,  and  insert 
themselves  at  the  most  posterior  homy  piece  lying  at  the  base  of  the 
wing  (the  axUlaire  troinhne  of  Straus).  • 

Besides  which,  small  muscles  support  the  bending  back  of  the  wing, 
and  vhich  originate  from  the  plate-shaped  tendon  of  the  lai^  extensor, 
ioserting  themselves  at  other  homy  plates  at  the  base  of  the  wing : 
when  in  action  they  cause  the  relaxation  of  the  extensors^  and  are 
tbenoe  called  relaxatoret  extentorum. 

§  179. 

MUSCLES   OF    THE   LEGS. 

The  motire  apparatus  of  the  1^  is  much  more  complicated,  both 
from  their  being  so  much  more  moveable,  and  from  their  consisting  of 
several  consecutive  joints. 

The  coxs  or  hips  receive  the  majority  of  muscles,  but  which  are 
adapted  to  the  variations  of  their  connection  with  the  sternum. 

If  they,  as  in  the  Coleopiera,  consist  of  a  cylinder  revolving  upon  its 
axis,  the  flexor  of  the  fore  legs  are  placed  at  the  posterior  margin  of 
their  inner  aperture,  and  the  extensors  at  the  anterior  margin ;  but  in 
the  posterior  pair,  the  latter  are  placed  at  the  posterior  margin,  and 
the  former  at  their  anterior.  Both  come  from  the  lateral  parts  of  the 
notuin,  or  from  the  internal  processes  of  the  sternum.  In  Mehhntha, 
Straus  found  in  the  fore  legs,  which,  in  all  beetles,  have  the  freest 
oration,  four  extensors,  which  differed  in  size,  and  all  came  ^m  the 
P<»terior  part  of  the  pronotum,  and  but  one  flexor ;  in  the  intermediate 
pair,  three  flexors  and  two  extensors,  the  longest  of  which  came  firom 
the  margin  of  the  prophragma,  and  the  shortest  from  the  internal  pro- 
cess of  the  sternum  :  the  posterior  coxae  had,  again,  four  extensors  and 
three  flexors,  some  of  which  originated  from  the  internal  process  of  the 
(Ktemimi,  and  the  others  from  the  dorsal  and  lateral  plates.  In  the 
water  beetles,  the  very  large  posterior  coxae  are  intimately  connected 
with  the  metastemum,  and  not  articulated,  from  its  receiving  the 
enormoas  mnsdes  which  move  the  remaining  portion  of  the  leg.  The 
mnsdes  of  the  coxae  are  compressed  by  them,  and  the  muscles  which 
move  the  leg  pass  from  the  internal  process  direct  to  the  trochanter. 

Such  coxae  as  are  free  do  not  diflTer  in  structure  from  those  which 
are  received  within  a  cavity  of  the  sternum,  with  the  exception,  that 
their  aperture  exactly  corresponds  \vith  the  aperture  of  the  sternum. 
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Their  motion  is  rendered  thereby  indeed  somewhat  greater^  but  it 
consists  chiefly  in  revolving  about  the  axis  of  the  superior  aperture  of 
the  coxa ;  and  in  such  coxae  we  find  likewise  flexors  which  are  inserted 
at  the  posterior,  and  extensors  at  the  anterior  margin  of  the  aperture^ 
or  reversed^  the  latter  behind  and  the  former  before ;  and  between 
both^  the  articulating  balls  are  found.  But  the  muscles  of  motion 
appear  merely  to  proceed  from  the  inner  processes  of  the  sternum. 
*  The  muscles  which  move  the  trochanters  lie  in  the  coxse,  the 
extensors  on  the  exterior^  and  the  flexors  at  the  interior.  In  MelolonUia^ 
Straus  found  in  the  first  pair  of  legs  three  extensors  and  one  flexor  ; 
in  the  two  posterior  pairs^  however,  but  one  flexor  and  one  extensor. 
The  Di/tici  possess  the  largest  muscles  to  the  trochanters.  In  these 
insects  I  found  the  extensor  originate  not  from  the  coxa,  but  from  the 
lateral  branch  of  the  large  furcate  process,  whereas,  the  weaker  flexors 
sprung  from  the  inner  surface  of  the  coxie. 

In  the  trochanter  there  is  but  one  muscle  the  tendon  of  which  is 
inserted  upon  the  head  of  the  femur  protruding  into  the  cavity  of  the 
trochanter,  and  it  thereby  lifts  the  thigh  when  it  contracts,  but  lets  it 
fall  again  when  lax. 

In  the  thigh  itself  there  are  two  muscles,  one  extensor,  which  lies 
at  the  upper  margin  of  the  thigh,  and  which  is  attached  to  the  superior 
head  of  the  tibia,  by  means  of  a  long  tendon,  that  lies  within  the 
muscle,  and  one  flexor,  which  lies  opposed  to  it  at  the  lower  maTgin, 
and  which  is  correspondingly  attached  to  a  lower  ball  of  the  tibia.  In 
Locusta  these  muscles  are  very  large,  and  have  large  bellies  at  their 
base,  varying  according  to  the  forkn  of  the  thigh ;  the  thin  membrane 
lies  quite  free  for  about  one-third  of  the  length  of  the  femur,  but  it 
receives  above,  dose  to  its  connexion  with  the  tibia,  where  the  thigh  is 
somewhat  broader,  a  narrow  flat  auxiliary  muscle,  which  springs 
obliquely  from  the  case  of  the  thigh,  and  attaches  itself  to  the  tendon. 

In  the  tibia  there  are  also  two  muscles,  which  move  the  whole  foot. 
The  extensor  of  the  foot  is  the  smallest ;  it  originates  from  the  lower 
half  of  the  posterior  and  lower  margin  with  a  broad  basal  surface,  it 
becomes  pyramidal,  and  attaches  itself  to  the  superior  margin  of  the 
first  joint  of  the  tarsus.  The  flexor  of  the  foot  originates  above  it  at 
the  same  spot ;  it  soon  becomes  more  slender,  and  with  its  free  tendon 
it  passes  into  the  cavity  of  the  first  joint  of  the  tarsus,  it  sends  its 
tendon  on  through  this  as  through  all  the  consecutive  joints,  and  inserts 
itself  at  an  arch  in  the  last  joint,  where  the  two  claws  are  internally 
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ooDjiected ;  it  consequently  bends  the  whole  foot>  whereas  the  extensor, 
by  dnwing  the  first  joint,  again  extends  it.  9 

In  the  last  tarsal  joint  we  again  find  peculiar  muscles,  viz.,  one 
which  originates  from  the  base  of  the  claw,  and  affixes  itself  to  the 
tendon  of  the  tarsal  flexor.  It  helps  to  bend  the  claws,  and  is  thence 
called  fitxor  nnguwau,  The  other  originates  with  a  broad  base  from 
the  inner  wall  of  the  superior  surfiioe  of  the  claw-joint,  and  runs, 
beooming  pyramidal,  to  an  arch  connecting  the  two  daws.  It  raises 
the  daw,  and  is  therefore  styled  extentar  unguium.  / 

§  180. 

C.   MuSCIiBS   OF  THB  AbDOMBN. 

The  collective  muscles  of  the  abdomen  serve  partly  to  connect  it 
with  the  thorax  and  partly  to  unite  the  internal  organs  with  it,  and 
they  are  thence  divided  into  three  groups. 

The  muscles  which  unite  the  abdomen  with  the  thorax  are,  when 
the  abdomen  is  sessile,  like  all  the  abdominal  muscles,  flat,  and  like 
hands,  and  originate  from  the  posterior  and  lateral  margins  of  the 
thorax,  affixing  themselves  to  the  first  segment  of  the  abdomen. 

Those  situated  at  the  dorsal  surface,  which  we  call  the  superior 
connecting  muscles  of  the  abdomen  (muse,  canjungentes  superioresy  9. 
donalet),  are  divided  into  several  contiguous  bellies,  which  run  flatly 
^ram  the  meCanotum  and  metaphragma  to  the  first  dorsal  plate.  The 
lower  connecting  muscles,  which  lie  upon  the  ventral  surface  (muse. 
cotJiM^.  imferiores,  s,  aenirales),  come  from  below,  from  the  posterior 
niaigin  of  the  metastemum,  and  pass  between  the  femoral  cavities  to 
the  first  ventral  plate. 

Between  both  lie  the  lateral  connecting  muscles  (m.  conjung,  late- 
roUs)y  which  come  from  the  lateral  margin  of  the  metaaternum  and 
the  lateral  plates,  and,  passing  into  the  cavity  of  the  abdomen,  uniting 
tlicniselves  to  the  lateral  wings  of  the  first  or  second  ventral  plate. 

In  insects  with  a  petiolated  abdomen  all  these  muscles,  it  is  evident, 
cannot  be  present,  but  instead  of  the  dorsal  muscles  we  find  a  single 
^e  hand  (Jumeulus  oi  Kirby  and  Spence),  which  originates  from 
the  inside  of  the  metaphragma  as  a  pyramidal  muscle,  passing  with 
>ts  point  through  the  hole  at  the  end  of  the  metaphragma,  and  affixing 
Itself  to  a  short  tooth  which  lies  at  the  anterior  margin  of  the  first 
doml  plate  (PI.  XII.  No.  2.  f.  9.  a,).  The  dorsal  and  ventral  plates 
°f  the  first  abdominal  segment  are  prolonged  into  a  broad  upwardly 
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bent  and  gradually  widening  process,  which  is  provided  on  each  side 
with  a  longitudinal  groove  (the  same^  b.),  to  which  a  corresponding 
process  of  the  inner  margin  of  the  metaphragma  fits.  Besides  the 
abdomen  and  thorax  are  still  more  intimately  bound  by  means  of  a 
flexible  membrane  surrounding  the  large  aperture  (the  same,  fig.  7  &°d 
8.  A,  A.).  I  have  also  plainly  distinguished  two  flat  lateral  muscles, 
which  pass  from  one  part  to  the  other. 

The  connecting  muscles  of  the  abdominal  plates  may  be  divided  into 
the  dorsal  and  ventral  muscles. 

The  dorsal  muscles  are  two  large,  broad,  but  flat  band-shaped 
muscles,  which  run  from  the  first  to  the  last  abdominal  segment,  and 
are  throughout  intimately  united  with  the  connecting  membrane  of 
every  pair  of  plates. 

The  ventral  muscles  are  smaller,  and  do  not  pass  in  one  line,  but 
only  between  every  two  contiguous  ventral  plates,  taking  an  inward 
oblique  direction,  so  that  their  exterior  boundary  forms  a  sig-zag  line. 

I  also  found  in  Locusta  transverse  ventral  muscles,  which  originating 
from  the  descending  ends  of  the  dorsal  plates,  run  transversely 
across  the  ventral  plates.  They  contract  the  cavity  of  the  abdomen, 
and  thereby  especially  promote  expiration.  The  abdominal  muscles  in 
general  seem  less  to  connect  the  segments  than  to  promote  the  freer 
expiration  of  the  air. 

The  remaining  muscles  of  the  abdomen,  which  raise  and  sink  the 
last  plate,  and  at  the  same  time  unite  the  cloaca  with  the  surrounding 
ports,  are  subjected,  like  that  organ  itself,  to  so  many  differences,  that 
a  general  description  will  be  possible  only  when  a  tolerable  number  of 
insects  of  all  orders  and  families  shall  have  been  examined.  From  all 
observations  hitherto  made  it  appears  that  both  the  dorsal  and  ventral 
plates  receive  an  extensor  and  a  flexor,  which  originates  from  the  penul- 
timate plate,  and  aflixes  itself  to  the  terminal  one,  the  former  more 
exteriorly  and  anteriorly,  and  the  latter  more  interiorly  between  the 
preceding,  and  extending  further  to  the  apex. 

The  muscles  of  the  cloaca  and  of  the  colon  originate  from  the  cir- 
cumference of  those  organs,  and  pass  as  broad  and  flat  bands  to  the 
dorsal  and  ventral  plates,  surrounding  them.  Both  only  serve  to 
retain  the  cloaca^  and  colon  in  their  places  when  the  faeces  are 
voided  from  the  latter,  or  when  the  vagina  or  penis  are  protruded  from 
the  former. 

The  muscles  peculiar  to  the  penis  and  the  vagina,^ lastly,  differ  as 
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much  in  fonn  as  those  organs  themselves.  We  hare  already  taken  a 
general  notice  of  them  in  our  description  of  those  organs.  Different 
layers  are  detected  in  them,  the  exterior  of  which  retains  and  turns 
back  the  prepuce ;  the  inner  ones,  which  lie  between  the  valyes  them- 
selves or  pass  on  to  them,  open  and  shut  them.  Straus,  in  his  anatomy 
of  the  cockchafer,  has  given  a  very  elaborate  description  of  all  these 
muscles  as  they  are  found  in  that  insect,  and  which  is  the  less  desirable 
to  be  repeated  here,  as  from  the  (indeed  but  limited)  investigations 
made  by  myself  in  other  insects,  they  are  subjected  to  very  considerable 
differences.  The  more  comprehensive  representations  of  aU  the  modi- 
fications of  the  external  as  well  as  internal  sexual  organs,  which  I 
purpose  one  day  undertaking,  will  then  serve  to  fill  this  gap,  and  until 
then  these  indications  may  suffice. 

§  181. 

THB   MUaCUIiAE  STBTBIi    OF  LARVA. 

The  muscular  system  of  the  larvae  of  those  orders  of  insects  having 
an  imperfect  metamorphosis  agrees  with  that  of  the  perfected  creature, 
with  the  exception  of  the  mere  indication  of  the  presence  of  the 
muscles  of  the  wings ;  we  have  therefore  nothing  further  to  say  of 
them  than  that  these  muscles  of  the  wings,  during  the  several  moult- 
ingSj  and  particularly  during  the  pupa  state,  acquire  the  size  they  are 
intended  to  retain  during  the  imago  state  of  the  insect 

But  the  muscular  system  of  the  other  orders,  particularly  of  the 
Lepidopiera  and  Hymenopiera,  is  very  different;  the  larvae  of  the 
Coleoplera  display  much  more  conformity  with  that  of  the  developed 
beetle,  for  they  are  of  all  the  most  perfect  larvse,  and  in  the  struq|;ure 
of  their  feet  agree  very  much  with  their  perfected  state. 

The  most  conformable  muscular  distribution  in  all  larvae  is  found  in 
the  abdomen,  in  which  two  straight,  broad,  band-shaped  muscles 
descend  both  the  ventral  and  dorsal  sides  and  connect  every  two  seg- 
ments together,  the  muscle  itself  being  intimately  united  with  the 
connecting  membrane  of  the  several  segments. 

Beneath  these  two  large  muscles,  which  may  be  called  the  longi- 
tudinal muscles  of  the  back'  and  belly,  lie  smaller  ones,  which  pass 
obliquely  from  the  connecting  membrane  at  the  anterior  margin  of  a 
joint  to  the  corresponding  part  of  the  posterior  margin  of  the  same 
joint,  which  may  be  therefore  called  the  oblique  dorsal  and  ventral 
muscles.    They  strengthen  the  connexion  of  the  joints  together,  and 
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contract  the  body  during  expiration.  They  appear  to  be  wanting  in 
smaller  coleopterous  larvae^  which  are  enveloped  in  a  homy  case;  in 
the  robust  fleshy  caterpillars  there  lies  beneath  them  a  third  layer  of 
muscles^  which  take  the  same  direction  as  the  preceding,  but  differ 
from  them  by  their  shortness  and  their  separation  into  several  parallel 
fasciculi.  They  may  be  called  the  smaller  oblique  dorsal  and  ventral 
muscles,  and  those  above  described  as  the  larger  superficial  ones,  and 
the  smaller  ones  as  the  deeper. 

We  observe,  besides  these  ventral  muscles  which  run  paraUely  in 
the  longitudinal  axis  of  the  body,  others  which  connect  the  dorsal  plate 
of  each  segment  with  the  ventral  plate.  They  originate  contiguously 
to  the  deep  oblique  ventral  muscles  ^vith  a  broad  basis,  contract  pyra- 
midally by  degrees,  come  then  outwards,  close  to  the  direct  ventral 
muscles,  and  ascend  on  the  outside  of  the  straight  dorsal  muscles  to 
the  dorsal  plates,  inserting  themselves  contiguously  to  the  deep  oblique 
dorsal  muscles  upon  the  dorsal  plate*  I  call  them  muscuU  veniri^ 
dorsales.  In  larger  caterpillars,  for  example,  the  Cossus  Ugniperda  *, 
we  can  distinguish  several  layers  and  bundles  of  these  muscles,  and  it 
consequently  is  not  difficult  to  make  the  number  of  the  muscles  of  a 
caterpillar  amount  to  4061  if,  as  Lyonet  maintains  of  the  goat-moth 
caterpillar,  each  particular  fasciculus  be  a  distinct  muscle  f. 

Exteriorly,  contiguous  to  these  muscles^  there  lie  beneath  each 
other,  and  dose  to  the  lateral  wall  of  each  segment,  several  &sciculi 
of  oblique  and  crossing  muscles,  which  strengthen  still  more  the  con- 
nexion, and  which^  from  their  situation,  may  be  called  the  lateral 
muscles.  With  their  diverging  ends  they  embrace  the  spiracles  of  the 
caterpillar,  and  they  appear  to  assist  chiefly  in  closing  them  after 
expiration. 

The  muscles  of  the  three  first  segments,  which  subsequently  form 
the  thorax,  are  more  numerous,  for  besides  the  usual  connecting 
muscles  we  here  also  find  those  of  the  legs,  as  well  as  the  commence- 
ment of  the  future  muscles  of  the  wings. 

The  longitudinal  dorsal  and  ventral  muscles  are  here  in  general 
narrower,  that  they  may  make  room  for  the  other  muscles,  yet  they  so 


♦  Consult  Lyonet,  Trait^  Anatomiquc,  &c.  A  la  Hayo,  1760,  4to.  PI.  ti.  vii.  &  viii. 

f  According  to  Lyonet,  the  number  of  muscles  found  in  the  head  amount  to  228, 
those  of  the  body  to  1647,  and  those  of  the  internal  oi^ans  to  2186,  making  an  aggregate 
of  4061.     Traits  Anal.  p.  684. 
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develope  themselves,  at  least  the  dorsal  ones^  and  particularly  during 
the  pupa  state^  that  they  subsequently  present  themselves  as  the  large 
dorsal  muscles^  distended  between  the  phragmata.  The  straight  ventral 
muscles^  on  the  contrary^  so  contract  together,  that  they  transform  them- 
selves into  the  small  connecting  muscles  of  the  internal  sternal  pro- 
cess. The  lateral  muscles  again  enlarge,  and  then  exhibit  themselves 
as  the  large  lateral  muscles  of  the  thorax. 

The  eroding  pectoral  muscles  are  peculiar  to  the  thoracic  segment. 
They  are  the  small  band-shaped  muscular  strips  on  the  pectoral  side, 
originating  from  the  posterior  margin  of  the  first  thoracic  segment,  and 
running  obliquely  to  the  lateral  parts  of  the  following  thoradc  segment. 
With  their  lower  shanks  they  embrace  the  nervous  cord,  and  cross  each 
other  precisely  over  it,  that  coming  from  the  left  passing  over  to  the 
right  and  those  from  the  right  to  the  left ;  each  passes  directly  through 
the  straight  ventral  muscle,  and  affixes  itself  to  the  exterior  wall  of  the 
segment.  In  the  perfect  insect  they  exhibit  themselves  as  the  above 
described  furcate  dorsal  muscles.  In  the  larvae  of  Coleoptera  I  found 
besides  transverse  pectoral  muscles,  which  originating  at  one  side  of 
each  of  the  three  thoracic  s^ments  passed  over  to  the  opposite  side,  and 
in  the  first  and  third  segments  covered  the  nervous  cord,  but  in  the 
second  were  covered  by  it.  I  have  not  detected  its  development  and 
conformable  appearance  in  the  perfected  insect. 

The  muscles  of  the  legs  correspond  evidently  with  those  of  the  per- 
fect insect.  The  profoundest,  or  muscles  of  the  coxae,  come  from  the 
lateral  parts  of  each  s^ment,  and  insert  themselves  at  the  inner 
margin  of  the  ring  of  the  coxa.  In  larvse  with  long  and  large  1^ 
there  is  found  at  the  inner  lateral  part  of  each  thoracic  segment  a  pro- 
jecting homy  ridge,  which  passes  over  the  cavity  of  the  ooxsr,  whence 
spring  all,  or  at  least  the  more  deeply  seated,  muscles  of  the  coxae, 
whereas  the  superior  ones  pass  over  this  ridge,  coming  from  higher 
situated  parts  of  the  thoracic  case.  The  muscles  which  move  the 
thighs  lie  in  the  ring  of  the  coxie,  and  form  three  or  four  narrow  fasci- 
culi ;  thus  also  in  each  successive  joint  is  found  the  muscles  of  the 
third  in  advance.  The  last  joint,  or  daw,  the  preformation  of  the 
subsequent  tarsus,  receives  two  muscles,  which  originate  ivith  several 
heads  from  the  several  rings  of  the  foot,  both  from  their  superior  and 
inferior  sides,  and  all  are  attached  to  two  tendons  which  are  again 
attached  to  the  inferior  margin  of  the  claw.    Their  common  contrac- 
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tion  bends  the  claw  with  great  force,  and  retains  it  in  this  situation. 
We  find  no  extensors  of  the  claw  joints. 

The  ventral  feet  of  caterpillars  receive,  according  to  Meckel,  three 
muscles,  an  anterior  and  a  posterior  one,  which  spring  from  the  cor- 
responding membrane  of  the  ring,  and  attach  themselves  to  the  inner 
wall  of  the  tube  of  the  foot.  The  central  one  is  larger  than  both  the 
others,  and  originates  from  a  higher  spot  of  the  lateral  part  of  the  seg- 
ment of  the  body.  It  here  originates  with  a  broad  basal  snrface,  and 
runs  down,  contracting  gradually  as  £Eir  as  the  centre  of  the  foot  sole. 
It  admits  of  being  divided  into  two  halves,  and  has  consequently  been 
described  by  Lyonet  and  Cuvier  as  double. 

The  rudiments  of  the  muscles  of  the  wings  are  upon  the  whole  very 
indistinct,  and  very  difficult  to  discover  with  certainty  among  the  many 
muscular  strips  of  the  thoracic  s^ment.  In  the  caterpillar  of  the 
Cossus  I  consider  those  muscular  strips  which  pass  obliquely  from  the 
posterior  lateral  margin,  and  anteriorly  ascending  upwards,  as  such 
incipient  muscles  of  the  wings'^,  particularly  as  in  the  following 
ventral  segments  no  corresponding  muscles  are  found.  I  found  similar 
strips  in  other  larvae  which  I  investigated,  for  example,  in  that  of 
Calosoma  sycophanta. 

The  muscles,  lastly,  which  bend  the  head  to  the  thoracic  s^[ment, 
and  which  move  it,  may,  as  in  the  perfect  insect,  be  divided  into  an 
extensor,  a  flexor,  and  a  rotator  of  the  head. 

The  extensors  of  the  head  form  several  layers  over  each  other,  the 
most  profound  of  which  is  nothing  else  than  a  continuation  of  the 
dorsal  muscle,  and  which  attach  themselves  to  the  superior  margin  of 
the  large  occipital  aperture.  Above  these  lies  a  narrower  one,  which 
distends  posteriorly,  being  attached  at  the  occipital  aperture  between 
the  preceding,  and  originating  at  the  anterior  margin  of  the 
second  thoracic  segment  t.  Other  small  strips,  which  lie  above  it, 
originate  from  the  centre  of  the  pronotum,  and  pass  over  it  to  the 
corresponding  margin  of  the  occipital  aperture. 

'  The  flexors  form  three  similar  layers.  The  innermost  layer  is  a 
continuation  of  the  longitudinal  ventral  muscle;  the  second,  which 
runs  obliquely,  comes  from  the  anterior  margin  of  the  second  thoracic 
segment,  and  affixes  itself  between  and  beneath  the  former,  at  the 

•  Lyonet,  PI.  Vlll.  f.  4.  f  Ibid.  PI.  VI.  d,  o. 


THE    ORGANS   UF   SKNSATION.  269 

inferior  margin  of  the  occipital  apertare.  The  third  is  formed  by 
small  muscular  strips,  which  originate  from  the  pectoral  plate  of  the 
first  segment  of  the  body,  and  affix  themselves  beneath  the  former  at 
the  large  occipital  aperture. 

The  rotators  are  divided  on  each  side  into  two  fasciculi^  the  superior 
one  of  which  springs  more  from  the  dorsal  side,  and  the  inferior  one 
from  the  pectoral  side  of  the  first  segment  of  the  body,  and  insert 
themselves  in  the  skull,  closely  contiguous  to  the  margin  of  the  occi- 
pital aperture.  The  inferior  ones  are  in  general  the  shortest  bundles, 
and  the  superior  ones  the  weakest.  They  both  appear  to  me  to  be 
merely  modifications  of  the  oblique  lateral  muscles,  as  those  profounder 
extensors  and  flexors  may  possibly  be  merely  transformations  of  the 
oblique  dorsal  and  pectoral  muscles. 

The  muscles  lying  in  the  head  itself,  which  move  the  oral  organs 
and  the  antennse,  agree  so  much  in  form,  situation,  and  insertion  with 
those  above  described  belonging  to  the  perfect  insect,  that  their  small 
divarications,  which  proceed  from  the  less  developed  state  of  the  ske- 
leton of  the  head,  require  no  further  notice,  particularly  as  they  stand 
in  precise  connexion  with  the  various  forms  of  the  head,  and  their 
special  description  consequently  exceeds  the  boundaries  of  our  object. 
We  must  here,  however,  notice  of  the  apparently  headless  larvss  of  the 
Diptera,  that  the  most  anterior  membranous  segment  of  the  body 
takes  the  place  of  the  head,  and  that  its  anterior  orifice  is  the  mouth, 
which  is  armed  with  several,  generally  four,  frequently  bent  setee,  which 
receive  their  peculiar  extending  and  withdrawing  muscles.  They  lie 
withdrawn  in  the  bag-shaped  oral  cavity,  and  appear,  from  their 
darker  colour,  through  the  pointed  anterior  end  of  the  larva  as  a  black 
body. 


FOURTH  CHAPTER. 

OF    THE    ORGANS   OF    SENSATION. 

§  182. 

Ths  organs  of  sensation  are  the  last  portions  of  the  bodies  of  insects 
that  we  have  to  examine,  and  at  the  same  time  also  the  most  simple; 
for  the  commerce  of  insects  with  the  external  world,  although  consi- 
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derably  more  multifarious  than  in  any  other  invertebrate  animal ;  yet 
it  does  not  unfold  itself  to  that  universal  intercourse  found  in  the 
superior  animals.  But  they  are  nevertlieless  sensible  to  every  possible 
external  impression^  and  indeed  for  many  more  sensibly  so  than  the 
class  of  fish  immediately  above  them,  which,  however,  and  this  supports 
the  above  assertion,  are  provided  with  distinct  organs  of  hearing  and 
of  smelly  which  are  wanting  in  insects,  although  they  require  them 
much  more  in  the  so  considerably  more  tenuous  element  they  inhabit, 
than  the  fish,  which  pass  their  lives  as  it  were  concealed. 

It  is  thence  evident  what  we  understand  by  oi^aiis  of  sensation, 
namely,  all  forms  which  may  be  considered  either  as  direct  conductors 
of  immediate  feelings,  or  as  the  recipients  of  higher  and  more  distant 
perceptions.  To  the  first  we  may  class  the  nerves,  to  the  last  the  oigans 
of  the  senses,  and  in  insects  especially,  the  eye. 

The  nerves,  which  are  the  foundation  of  all  the  organs  of  sensation, 
consist  of  fine  fibres,  which  appear  to  be  composed  of  the  consecutive 
disposition  of  solid  globules.  These  atoms,  from  which  all  nerves 
appear  to  be  originally  formed,  prepcmderate  so  much  in  insects,  that 
we  never  detect  in  the  ganglia  and  in  the  nervous  cords  but  rarely 
a  fibrous  formation^  which  would  admit  of  the  conclusion  of  its  being 
formed  of  a  concourse  of  individual  threads.  The  nervous  mass  is 
contained  within  a  very  delicate  structureless  and  perfectly  transparent 
membrane,  the  nervous  sheath  {neurilema),  which  appears  to  be  the 
mould  of  the  entire  nervous  system,  at  least  in  insects.  In  it  the 
nervous  mass  is  enclosed,  which  is  a  soft  pulpy  substance  which  flows 
out  when  the  sheath  is  opened.  Upon  a  first  superficial  examination, 
the  chief  nervous  cords  of  insects,  at  least  both  the  lai^  ventral  cords, 
appear  to  be  formed  of  several  contiguous  fibres,  parallel  stripes  being 
observable  in  them  ;  but  these  disappear  upon  a  closer  inspection,  and 
each  nervous  cord  is  found  to  be  nothing  else  than  a  tube  formed 
of  the  nervous  sheath  filled  with  the  nervous  mass.  The  apparent 
striature  proceeds  from  the  globules  not  being  irregularly  placed,  but 
disposed  in  longitudinal  rows.  Thus  individual  nervous  cords  appear, 
and  they  even  become  so  when,  as  in  the  superior  animals,  the 
mass  thickens,  and  thereby  presses  the  globules  together,  and  the 
neurilema  falls  down  between  the  striae. 

The  nervous  mass  itself  consists  of  two  different  substances,  namely, 
the  firmer,  white  central  mass,  and  the  softer,  darker-coloured  cortical 
substance,  and  which  is  sometimes  of  a  beautiful  carmine,  according  to 
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my  observations  in  the  caterpillar  of  Noclua  Verhasci*,  But  they 
can  be  clearly  distinguished  only  in  recently  opened  insects:  in  those 
which  have  been  long  immersed  in  spirits  of  wine,  the  former  darkens 
by  degrees,  and  the  latter  becomes  discoloured,  so  that  neither  exhibit 
sny  longer  a  difference.  The  cortical  substance  appears  to  be  deficient 
in  the  filaments,  and  merely  the  white  milk-^coloured  core  appears  to  be 
present:  these,  therefore,  are  in  general  brighter,  and  do  not  at  all 
participate  in  the  colouring  of  the  ganglia. 

With  respect  to  the  general  form  of  the  nervous  system  of  insects,  it 
presents  itself  as  a  double  cord  running  along  the  ventral  side,  which 
from  segment  to  segment  is  re-united  by  ganglia.  Two  of  these  ganglia 
lie  in  the  head,  one  above  the  pharynx,  the  other  beneath  it,  and  together 
fonn  the  brain,  whence  pass  the  nerves  of  the  senses  to  the  eyes, 
antennc  and  oral  organs.  In  the  same  way  there  spring  from  each  of 
the  soooesBive  ganglia  a  number  of  lateral  branches,  which  are  subjected 
to  maniibld  difiTerences,  the  three  first  of  which  pass  to  the  legs,  wings, 
and  moades  of  the  thorax;  those  of  the  following  ganglia  to  the 
muscles  of  the  abdomen,  to  the  posterior  end  of  the  intestinal  canal, 
and  to  the  organs  of  generation.  The  anterior  portion  of  the  canal, 
namely,  the  crop  and  the  stomach,  has  its  peculiar  nervous  system, 
which  18  formed  by  several  auxiliary  ganglia  lying  in  the  head. 

Our  investigation  of  the  nervous  system  will  thence  fiill  into  the 
fdkwing  subdivisions. 

1.  The  brain  with  the  nerves  of  the  senses  originating  from  it. 

2.  The  ganglionic  ventral  cord  with  its  branches. 

3.  The  nervous  system  of  the  oesophagus  and  stomach. 

To  this  we  may  add  the  organs  of  the  senses  themselves,  of  which 
the  eye  alone  will  require  a  particular  description ;  as  for  the  majority 
of  the  remaining  senses,  no  determinate  organs  have  yet  been  fiilly 


*  Thif  reminds  of  of  the  red  nerrons  pointB  in  many  of  the  lower  animalB,  namcl j,  the 
Infoioria,  especiallj  the  Rotatoria.  Ehrenbeig,  in  his  admirable  work  upon  these  begin- 
ningi  of  offBaiaation,  considciv  these  red  points  as  eyes,  hut  they  are  evidently  nothing  but 
a  mass  of  the  nervous  substance. 
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I.  Trb  Brain. 

§  183, 

The  brain  (encephaium)  of  insects  consists  of  trro  ganglia^  one  of 
which  passes  over  the  pharynx  and  the  other  beneath  it  * ;  both  are 
connected  by  means  of  nervous  cords^  which  run  from  the  upper  to  the 
under,  and  which  embrace  the  oesophagus.     I  consider  that  which  Bes 
above  as  the  cerebrum  of  the  liigher  animahi ;  the  lower  one^  on  the 
contrary,  as  the  cerebellum:  and,  indeed,  because,  as  in  the  higbtr 
animals,  the  nerves  of  the  superior  organs  of  the  senses,  namely,  of  the 
eye,  spring  from  the  upper  ganglion ;  atad  ftt>m  the  lower  one,  onf  lAxe 
contrary,  the  nerves  of  the  mandibles,  lips,  and  tongue  proceed.    If 
must  not  appear  strange  that  the  nutrimental  canal  passes  throUjgb  the 
brain,  particularly  as  the  entire  spinal  eotd  lies  beneath  the  intestinal 
canal,  and  that  the  entire  dorsal  side  of  the  higher  animals  is  transferred 
to  the  ventral  side  of  insects.  We  are  convinced  of  this  by  the  «ituation 
of  the  limbs  and  their  connexion  with  the  tfaoHix,  which  also  takes  place 
at  the  ventral  side,  whereas,  in  the  superior  animals,  they  pass  from 
the  back,  and,  besides,  the  structure  of  the  plates  of  the  breast,  which  so 
completely  imitate  the  spine  of  the  superior  animals  that  no  doubt  can 
be  fairly  entertained  of  their  anah^,  and  of  which  we  shall  spe^ 
more  fully  below.     But  whosoever  should  think  the  assertion  absurd 
that  the  oesophagus  passes  through  the  brain,  we  will  merely  remind  him 
of  the  certainly  still  more  striking  cinnimstance  in  the  moUusca,  in 
which  the  colon  passes  through  the  heart,  an  assertion  which  has  found 
no  contradiction,  although  both  organs  in  the  higher  animals  are  far 
more  distant  from  each  other  than  the  brain  and  oesophagus. 

§  184. 

Thb  CsBBBamf. 

The  cerebrum  (PI.  XXXI.  and  XXXII.  a,  a,  a,)  is  a  nervous  cord 
of  a  yellowish  white  colour,  lying  transversely  across  the  oesophagus, 

*  J.  Mailer  aaseru  of  PhaitML  giffot,  that  the  Brain  lies  beneath  the  oesophagas  (Nova 
Acte,  T.  xii  Pt.2.  page  568),  \rbieh  I  mnch  doabt,  notwithttanding  my  conviction  of  the 
gen«nl  perfect  accuracy  of  his  invesligaiioiu.  He  disiiiidtly  deecribet  the  tf^bclliin),inii 
he  has  overlooked  the  cerebrun,  vhich  lies  over  tlie  a^Miphafut. 
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generally  forming  two  ganglia.  This  cord  sends  off  a  branch  on  the 
opposite  sides  to  each  eye^  which  is  the  optic  nerve.  Its  entire  dr- 
cnmferenoe  is  covered  by  a  thin  transparent  membrane,  which  loosely 
snrroonds  it,  and  which  in  many  cases,  as  for  example,  in  Dylicus, 
is  beset  with  small  darker  knots,  placed  in  r^pilar  squares  (PL 
XXXI.  f.  1).  The  large  muscles  of  the  upper  jaw  spread  above 
it,  extending  upwards  to  the  skull,  so  that  it  is  entirely  covered  by 
soft  parta.  The  general  form  of  the  brain  varies  in  as  far  as  the  two 
hemispheres  are  more  or  less  separated.  In  the  Coteoptera  they 
approach  doeely  together,  and  indeed  so  closely  that  they  form  but  one 
stripe,  wluch  is  merely  swollen  on  each  side  near  the  middle ;  in  other 
instances,  as  for  example  in  Gryllus  migratorius,  the  two  hemispheres 
are  nearly  entirely  separated,  and  are  attached  together  by  a  central 
thin  nervous  cord  only,  aqalogous  to  the  corpus  callosum  of  the  superior 
animals.    The  nerves  which  pass  from  the  cerebrum  are : — 

1.  The  nerve  of  the  antenne  {nervus  antennalis).  It  originates 
firom  the  anterior  maigin  of  each  hemisphere,  but  more  exteriorly 
when  the  antenne  are  lateral,  and  centrically  when  those  organs  are 
inserted  in  the  face.  It  runs  as  a  simple  undivided  filament,  which  in 
the  first  case  passes  over  the  tendon  of  the  mandibles,  and  in  the  last 
proceeds  contiguously  to  the  great  flexor  of  the  mandibles,  to  the  root 
of  the  antennae,  immediately  beneath  the  membrane  which  connects  it 
with  the  dypeus,  but  yet  without  sending  off  branches.  In  many 
cases  it  is  equally  thick  throughout,  in  otben,  for  example  in  the  bees 
and  the  oockchafer,  it  is  more  or  less  swollen  at  its  base.  When 
arrived  at  the  antennae  the  main  stem  still  runs  in  this  direction,  and 
very  distinctly  to  the  apex  of  the  organ,  and  between  the  musdes,  but 
it  gives  off  on  all  sides  delicate  auxiliary  branches  to  the  musdes  them- 
sdves.  It  is  accompanied  by  a  single  branch  of  the  trachea,  which 
originates  on  each  side  from  the  superior  stem  of  the  head,  running 
between  the  flexors  of  the  mandibles,  and  branching  off  according  to  the 
ramifications  of  the  nerve  itself. 

2.  The  optic  nerve  which  originates  from  the  lateral  margin  of  each 
hemisphere,  with  dther  a  thicker  or  a  thinner  base,  and  extends  to  the 
orbit,  becoming  gradually  clavate.  It  varies  much  in  form,  but  it  always 
retains  the  general  characteristic  of  gradually  distending.  In  Dylietu 
it  originates  with  a  thin  base,  then  suddenly  distends,  and  afterwards 
runs  as  a  straight  cylinder  to  the  orbit ;  in  Meloioniha  it  ih  not  per- 
ceptibly distinguished  from  the  hemisphere  of  the  brain,  nor  is  its  dis- 
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tension  towards  the  orbit  very  distinct ;  in  Locusta  the  cerebram  is 
smaller  than  the  optic  nerve^  which  springs  from  it  with  a  very  narrow 
base^  but  which  then  very  suddenly  widens  into  a  cone ;  this  is  pre- 
cisely the  case  also  in  the  LibeUul<B  and  flies  which  possess  lai^  eyes 
and  a  small  skull,  and  in  which  the  optic  nerve  of  one  eye  is  generally 
much  lai^r  than  the  entire  cerebral  ganglion.  When  arrived  in  the 
orbit  it  radiates  into  many  branches,  as  we  shall  describe  more  fully 
below,  in  the  detailed  description  of  the  eye.  The  auxiliary  optic 
nerves  {nervi  optici  secundarU),  which  are  peculiar  to  such  insects  only 
that  possess  stemmata,  originate  from  the  central  portion  of  the 
cerebrum,  and  extend  as  simple  and  very  thin  filaments  to  the  spot 
where  the  stemmata  are  situated,  and  gradually  diverge  from  eadi 
other.  Thus  each  eye  receives  a  distinct  nerve,  but  which  with  its 
colleagues  originate  from  one  portion  of  the  brain.  It  is  well  known 
that  all  the  larvae  of  insects  with  an  imperfect  metamorphosis  possess 
merely  stemmata,  which  are  placed  where  subsequently  in  the  perfect 
insect  the  large  reticulated  eyes  are  found.  The  nerves  of  these  stem-> 
mata  spring  from  the  lappet-shaped  distension  of  the  cerebrum,  some- 
times separated  {Calonoma,  PI.  XXXII.  f-  1),  sometimes  united  at 
the  base  (caterpillars  of  the  Lepidoptera),  and  run,  each  singly,  to  an 
eye.  In  Fespa  the  nerves  of  the  stemmata  have  a  common  stem  (PI. 
XXXII.  f.  70  ;  in  the  bees  they  sit  upon  short  clavate  projections  of 
the  cerebrum,  and  a  distinct  nerve  does  not  seem  to  originate  fr^m 
these  knobs  *.  In  the  neutex  bees  we  find  dose  to  these  large  knobs 
two  other  small  ones  on  each  side,  but  which  do  not  rise  to  the  stem- 
Besides  these  two  main  branches  no  other  true  nerves  of  the  senses 
originate  from  the  cerebrum  ;  we  observe  merely  smaller  ramifications, 
which  give  off  branches  partly  to  the  muscles  and  partly  form  filaments 
connected  with  the  nerves  of  the  cerebrum,  and  lastly,  they  may  be 
partly  considered  as  the  commencement  of  the  nervus  sympathicns. 
But  as  below  we  shall  devote  our  attention  to  this  last  system  we  will 
reserve  our  investigation  of  its  origin  from  the  nerves  of  the  cerebram 
until  then* 

The  cords  which  connect  the  cerebrum  with  the  cerebdlum  originate 
from*  the  lower  or  deeper  portion  of  the  ganglion,  as  tlie  nerves  of  the 
antennae  do  from  the  anterior  or  superior  portion,  and  after  the  optic 

•  TrevinnuB,  Biologie,  vol,  v.    PI.  II.  f.  1—3.  r,  r. 
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nerve  the  former  are  the  thickest  of  all  the  nerres  it  gives  oiff.  Their 
direction  as  well  as  origin  depends  npon  the  sitnatiim  of  the  head,  for 
Bpon  its  horixontal  position  they  spring  further  below  from  the  oere- 
bnun>  bat  npon  its  rertical  position  we  find  them  originate  from  its  lower 
sin£iee«  Their  length  also  stands  in  direct  proportion  to  the  form  of  the 
oeaaphagns ;  they  are  long  in  broad  and  expansive  ones,  and  shorter  in 
narrower  ones.  This  is  pecoliar  to  haustellate  insects,  and  in  them 
therefore  both  the  ganglia  lie  closely  together.  We  observe  this 
a{^r(ndmation  of  the  two  very  distinctly  in  the  bees,  in  which  the 
eonnecting  cord  is  nearly  deficient,  so  that  the  cerebrum  and  oerebelinm 
sie  quite  contignoos,  and  there  only  remains  in  the  middle  between 
both  a  small  aperture  for  the  oesophagus.  These  connecting  cords  of 
the  two  brains  very  rarely  give  off  aosdliary  branches.  I  have  observed 
the  only  instance  of  this  kind  in  Gryllus  migratorius,  in  which  a 
analler  auxiliary  branch  originates  at  a  little  beyond  half  its  laigtfa 
upon  the  inner  side,  which  is  united  with  its  opponent  beneath  the 
<E9ophagu8,  running  closely  to  that  organ  itself.  Immediately  in  front 
of  their  point  of  connexion  each  again  gives  off  a  smaller  branchy  which 
runs  back  to  the  main  connecting  nerve  of  the  two  ganglia  ( PL  XXXI. 
f.  7.  d,  d.  and  rf*,  rf*.). 

§  185. 

THE  CEBEBBLLUM. 

He  cerebellum  (PL  XXXI.  and  XXXII.  b,  b,)  is  generally  a 
oordifiNm  or  longitudinal  ganglion ;  it  lies  at  the  base  of  the  cavity  of 
the  skull,  between  the  two  projecting  ridges  of  the  previously  described 
internal  skeleton  of  the  head,  and  is  entirely  covered  by  the  tentorium. 
At  the  anterior  p<Hrtion  of  its  lateral  margin  two  strong  nervous  cords 
onginate  from  it,  which  rise  to  the  cerebrum,  running  oontigaoasly  to 
the  tentorium,  and  enclose  the  oesophagus  between  them,  forming  the 
aervsus  loop  described  above  as  encircling  it.  At  its  posterior  end, 
however,  it  again  rons  in  two  equal  and  very  approximate  filaments, 
^^^hich  pass  through  the  occipital  aperture,  beneath  the  transverse  bone 
which  divides  it  when  present,  out  of  the  head  into  the  thorax;  they 
he  consequently  very  low  in  the  neck,  closely  above  the  membrane  of 
the  neck  and  the  flexor  muscles  of  the  head.  They  are  the  origin  of 
the  ganglionic  nervous  cord  whidi  runs  along  the  pectoral  and  ventral 
sides  oi  the  body. 

Between  these  two  connecting  nerves  of  the  cerebellum  with  the 

t2 
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portions  of  the  nervous  system  lying  before  and  behind  it  there  ori- 
ginate froni  it  on  each  side  fVom  two  to  four  nervous  stems,  which  pass 
to  the  mouth  and  the  muscles  of  the  head,  and  terminate  in  the  various 
oi^gans  constituting  the  mouth ;  they  are : — 

L  The  nerves  of  the  mandibles  (PI.  XXXI.  and  XXXII.  e,  e), 
which  pass  out  of  the  anterior  portion  of  the  cerebellum,  sometimes 
between  the  branches  of  the  loop  of  the  oesophagus  {Melolontha,  PL 

XXXI.  f.  5.),  sometimes  from  the  exterior  margin,  contiguously  to 
them  (Calosoma,  PI.  XXXII.  f.  I.),  and  sometimes  closer  to  the  pos- 
terior margin,  beyond  them  (Gryllus,  PL  XXXI.  f.  7.)-  They  give  off 
several  delicate  auxiliary  branches  to  the  flexor  and  extensor  muscles  of 
the  mandibles ;  and  lastly,  accompanied  by  branches  of  the  tracheae, 
they  pass  into  the  cavity  of  the  mandibles  themselves,  between  the 
tendons  of  both  muscles.  In  the  caterpillar  of  Cossusy  according  to 
Lyonet,  the  nerve  of  the  mandible  comes  in  a  remarkable  manner  as  a 
branch  from  the  labium,  and  this  receives  four  main  stems  (PL  XXXI. 
L  2.  e,  e.). 

2.  The  nerves  of  the  maxilljB  (PL  XXXI.  and  XXXII./,/.  and 
y^,y**.)  originate  sometimes  in  front  (^Calosoma,  PL  XXXII.  f.  1.), 

sometimes  behind  {Melolonlha  and  Gryllus,  PL  XXXI.  f.  4.  and  7<)» 
the  nerves  of  the  mandibles  from  the  cerebellum,  and  run  closely  to  these 
to  the  maxillae,  taking  their  course  between  the  muscles,  and  passing 
into  the  maxillae  themselves.  Here  each  divides*  one  branch  going  to 
the  palpus  and  extending  to  its  apex,  the  other  remaining  in  the  maxillae, 
spreading  itself  between  its  muscles.     Sometimes  (as  in  Calosoma,  PL 

XXXII.  f.  1.  fi  f,  and  f*,f*.)  these  branches  are  divided  at  their 
origin,  and  then  the  anterior  one  belongs  to  the  maxillae  and  the  pos- 
terior one  to  the  palpi ;  both  give  off,  even  in  the  cavity  of  the  head, 
several  branches,  which  pass  to  the  neighbouring  muscles. 

3.  The  nerve  of  the  labium  (PL  XXX L  and  XXXII.  g,  g,)  comes, 
when  separated  from  those  of  the  maxills,  from  the  centre  of  the 
anterior  margin  of  the  cerebellum,  and  runs  from  here,  very  closely  to 
its  opponent,  direct  to  the  labium,  and  here  divides  itself  into  several, 
generally  two,  main  branches,  the  inner  one  of  which  goes  into  the 
tongue  and  the  outer  one  to  the  labial  palpus.  Where  this  nerve  is 
wanting  {Melolontka,  PL  XXXI.  f.  5.)  branches  of  the  nerves  of  the 
maxillae  supply  its  place,  and  this  is  precisely  the  case  where  the 
tongue  is  sraalL  hard,  and  cartilaginous.  But  it  struck  me  as  more 
singular  in  the  Locusta  (the  same,  f.  7-)*  which,  notwithstanding  that 
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it  h  fionrished  with  a  large  fleshy  tongue,  I  could  find  neither  lingual 
nor  labial  nenres.  In  the  caterpillar  of  Cossus  ligniperda  Lyonet 
obsenred  a  connexion  of  the  two  labial  nerves  before  they  passed  into 
the  labium  ;  from  this  point  of  connexion  other  branches  originated, 
which  spread  to  the  labium.  Besides  these  the  labium  receives  another 
nerve  (the  same^  f.  2.^,  g,),  which  originates  quite  posteriorly^  close  to 
the  nerves  of  the  maxillse,  and  gives  oflT  in  front  of  the  labium  an  auxi* 
lisry  branch  for  the  muscles  lying  in  the  head. 

§  186. 

II.  THR  YBNTRAL   CORO. 

The  ventral  cord  (medulla  spinalis,  s,  venlralis)  presents  itself  as  a 
consecutive  series  of  ganglia,  every  approximate  two  of  wiiich  are 
united  by  one  or  two  equal  nervous  cords.  In  the  last  case,  conse- 
quendy,  this  ventral  cord  consists  of  two  equal  nervous  threads,  which 
ftwm  spot  to  spot  are  connected  together,  and  form  a  common  ganglion. 
We  have  already  spoken  above  of  the  structure  of  these  ganglia  and 
direads,  we  will  here  merely  add  that  I  have  never  detected  a  crossing 
of  the  two  threads  in  the  ganglion;  they  seem  rather,  upon  their 
entrance  into  it,  to  terminate,  and  the  ganglion  itself  appears  to  con- 
sBt  of  a  soft,  uniform,  granulated,  nervous  mass,  which  is  enveloped 
within  a  softer,  frequently  darker  (for  example,  of  a  carmine  colour  in 
the  caterpillar  of  Noctua  verbasci,)  cortical  substance. 

The  numbers  of  the  ganglia  differ  in  the  several  orders  and  families, 
hot  we  may  consider  that  there  is  properly  one  to  every  segment ; 
hence  their  number  would  amount  at  most  to  thirteen,  and  we  find,  in 
fact,  this  number  in  many  larvs,  namely,  in  all  the  larvae  of  the  Lepi- 
doplera.  Two  of  these  ganglia  lie  in  the  bead,  and  form  the  brain,  the 
three  following  in  the  thorax,  and  the  last  eight  in  the  abdomen.  Each 
of  them  sends  oflF  two  or  three  radiating  nervous  filaments,  which  ori- 
ginate at  both  its  anterior  and  posterior  extremities,  diverge  from  each 
other  throughout  their  whole  course,  and  distribute  themselves  to  the 
muscles,  limbs,  and  several  of  the  internal  organs. 

Bendes  the  main  cords  which  the  ganglia  form  in  conjunction,  we 
find  between  those  which  are  chiefly  seated  in  the  segments  of  the  thorax 
other  connecting  filaments,  as,  for  example,  I  have  observed  in  the  larva 
of  Calatoma  sycophania,  and  shall  therefore  particularly  describe. 
The  first  pair  of  these  auxiliary  connecting  filaments  originates  from 
the  posterior  portion  of  the  cerebellum  (PL  XXXII.  f.  1..B,  h,  A.), 
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diOAely  oontiguons  to  both  the  main  steins;  each  diverges  from  the 
main  stem  in  its  course  to  about  half  its  length,  and  then  approaches 
it  again  as  far  as  the  spot  where  the  main  stem  passes  into  the  tint 
thorado  ganglion,  and  then  rejoins  it.  A  delicate  auxiliary  branch  of 
this  exterior  connecting  nerve  originates  from  it  closely  bejood  its 
middle,  passing  to  the  first  radiating  nerre  of  the  first  thoracic  ganga- 
lion,  which  it  joins.  The  second  connecting  nerve  (the  same,  i,  i.) 
originates  in  the  same  manner  from  the  first  ganglion  of  the  thorax  as 
the  first  does  from  the  cerebellum,  and  unites  itself  at  a  right  angle 
with  the  first  radiating  nerve  of  the  second  thoracic  ganglion.  At 
their  pmnt  of  union  a  small  ganglion  is  formed,  from  which  two  new 
radiating  branches  proceed,  distributing  themselves  between  the  thotacie 
muscles.  The  third  auxiliary  connecting  nerve  (the  same,  k,  k.)  springs 
from  the  posterior  end  of  the  second  thoracic  ganglion,  and  passes  into 
the  third  ganglion,  forming  an  arch  near  the  main  stem,  from  which 
from  two  to  three  small  nerves  originate,  and  distribute  themselves 
to  the  muscles.  An  auxiliary  nerve  connecting  the  third  thoracic 
ganglion  with  the  first  abdominal  cme  is  not  to  be  detected. 

§  187. 

If  we  turn  back  from  this  general  inspection  of  the  auxiliary  connect-* 
ingnerves  of  these  ganglia,which,asfar  as  I  know,  have  not  hitherto  been 
observed  in  any  other  insect,  and  certainly  do  not  exist  in  many,  par« 
ticularly  the  larvas  of  Lepidaptera,  as  may  be  adduced  from  Lyonet  s 
aocnrate  anatomy  of  the  caterpillar  of  the  great  willow  moth>  to  the 
difiTerences  of  the  chief  form  of  the  nervous  system,  we  may  adopt  the 
following  as  a  very  general  law  : — 

The  ventral  cord  has  as  many  ganglia  as  there  are  freely  moveiAle 
divisions  of  the  body. 

This  law  is  everywhere  confirmed.  The  caterpillars  of  the  Lept- 
dapiera,  whose  similar  segments  have  an  equal  motion,  have  as  many* 
ganglia  as  segments.  In  the  Diptera^  in  which  the  three  segments  of 
the  thorax  are  united  into  one,  we  find  but  a  single  large  ganglion ; 
lastly,  in  the  larvn  whose  thick  hi  bodies  exhibit  no  distinct  segments, 
the  ganglia,  entirely  disappear,  and  instead  of  a  ganglionic  we  here  find 
a  simple  thoracic  cord,  from  which  the  fine  nerves  pass  off  on  each  side* 
We  will  inspect  this  in  greater  detail  in  the  several  forms  of  the 
nervous  system  and  their  transformation  during  the  metamorphosis. 

A  simple  short  ventral  cord,  destitute  of  ganglia,  is  found  in  many 
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larrs  of  the  Diplera,  Hymenopiera^  and  Coieoptera.  Among  the 
larve  of  the  Dipiera  I  have  found  it  in  the  rat-tailed  maggot,  and 
have  represented  it  in  PL  XXXII.  f.  3.  It  commences  with  two 
branches,  which  spring  from  the  lai^e  cerebral  ganglion  lying  over  the 
cEsophi^B.  These  branches,  which  embrace  the  cesophagus,  unite 
beneath  it  into  one  flat,  tolerably  broadj  nervous  cord,  which  extends 
to  about  the  third  pair  of  feet  on  the  pectoral  side,  within  the  thoracic 
cavity,  and  here  obtusely  terminates.  On  each  side  of  this  cord  there 
are  from  eight  to  nine  small  ganglia,  whence  the  nervous  filaments,  as 
also  at  the  obtuse  apex  of  the  cord,  radiate  posteriorly.  The  last,  pro- 
ceeding £rom  the  end  of  the  cord,  are  the  thickest ;  they  extend  down- 
wards to  the  end  of  the  abdominal  cavity,  and  here  distribute  them- 
selves  with  their  tenninal  branches  to  the  colon  and  the  convoluted 
trachen  lying  at  the  end  of  the  abdomen. 

We  should  doubtlessly  find  a  similar  structure  of  the  nervous  system 
in  the  maggots  of  all  the  Dipiera  whose  body  is  not  divided  into  dis- 
tinct segments.  Upon  the  same  principle,  I  think,  I  may  conclude  that 
the  fat  and  inegularly-jointed  larvse  of  the  Hymenapiera,  namely,  of 
the  bees  and  of  the  wasps,  have  a  similar  nervous  system  without 
ganglia,  and  thence  it  would  be  explained  how  Swammerdam  could 
ciiscover  no  nervous  cord  in  the  honey-bee  *•  In  the  larvse  of  Sira^ 
twmjfs  ChavuBieon  the  nervous  cord  is  likewise  indeed  considerably 
shorter  than  the  body,  but  it  exhibits  distinct  ganglia,  which,  however, 
ftlknr  immediately  upon  each  other,  and  display  no  long  connect* 
iag  cords,  which  we  observe  in  the  fly  itself.  According  to  Swam- 
merdam's  figure  f,  we  find  besides  the  cerebrum  and  cerebdlom  ten 
consecutive  and  contiguous  ganglia,  and  each  sends  ofiT  radiating  lateral 
nerves. 

Among  the  Coleoptera  we  perceive  a  similar  nervous  system  without 
ganglia  among  the  larvse  of  the  Lamellicomia,  Swammerdam  t  and 
Rooel  observed  it  in  the  larva  of  the  rhinoceros-beetle  (Oryetes  tuuu 
com$9) ;  in  these  also  it  is  a  very  short  ventral  cord,  which  extends 
as  far  as  the  proximity  of  the  third  pair  of  legs,  and  from  the  lateral 
margins  of  which  innumerable  delicate  nervous  filaments  proceed.  In 
this  larva  aho  the  body  is  not  separated  into  distinct  segments  and 
joints,  it  exhibits  rather  irregular  folds  and  constrictions,  which  are 

•  Biblia  Natuiw,  p.  166.  a.  f  Ibid.    PI.  XL.  f.  5. 
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vtnr  erident  anteriorly^  but  nearly  obliterated  pwleriiKly.  >  In  4hm 
]9rrm  of  the  Dfftici  I  Ukewiae  found  a  abort  nanfooft  eord  with  cImbji 
edatigaous  ganglia^  whence  the  auxiliary  nerves  piooeed,  and  yet  tbcit 
badjet  exhibit  twelve  distinct  segments  without  the  head.  IVrhapt 
this  imperfect  developm^Eit  of  their  aervous  system  is  in  rektioo  to 
their  constantly  dwelling  in  water ;  at  least  the  same  structure  in  die 
equally  distinctly  jointed  larva  of  StratiomySy  which  likewise  con- 
stantly lives  in  the  water«  points  to  one  and  the  same  cause  of  an 
analogous  imperfection. 

The  positive  opposition  to  this  abortion  of  the  nervous  cord  is  found 
in  the  caterpillars  of  the  Lepidopiera  and  the  larvie  of  many  beetles. 
All  these  exhibit  a  ventral  cord,  which  has  as  many  ganglia  as  rthe 
body  has  s^ments,  and  in  which,  like  the  segments  of  the  body,  ail  the 
ganglia  are  of  equal  size.  We  must,  however*  here  remark  that  a 
ganglion  is  not  found  in  each  segment,  but  that  they  gradually  appraxi^ 
mate  tc^ther,  so  that  the  last  ganglion,  which  £aUowb  immediately 
upon  the  preceding  one  without  any  connecting  cord,  is  fisund  as  fu 
advanced  as  the  anterior  margin  of  the  penultimate  segment.  £ach 
ganglion  sends  off  four  nervous  filaments,  the  first  pair  of  which 
extend  more  anteriorly,  and  the  posterior  pair  furnish  the  parts 
lying  behind  the  ganglion  with  their  nerves.  But  the  nerves  of  the 
ventral  cord  are  almost  exclusively  destined  to  the  organs  of  motiott^ 
and  they  consequently  distribute  themselves  with  their  branches  be* 
tween  the  upper  and  lower  layers  of  the  muscles.  In  some  oasea  the 
most  internal  muscles,  particularly  those  lying  about  the  cavity  of  the 
flMomen,  receive  a  peculiar  nervous  branch,  and  which  is  ibund  in  tho 
larva  of  Cossus  ligniperda,  and  which  here  does  not  originate  from  the 
ganglion  itself,  but  closely  in  front  of  it,  from  the  there  simple  aadi- 
vided  connecting  oord ;  it  commences  with  a  small  root,  whidiapeedily 
divides  into  two  equal  branches^  which  take  an  opposite  directum  \ 
In  the  larva  of  CeUasoma  syeophania  I  found  six  nervous  filameuts 
proceed  from  each  ganglioB>  the  middle  pair  of  which  likewise  re* 
mained  above  the  ventral  musdes,  whereas  the  anterior  and  posterii^ 
pairs  passed  beneath.  The  aerves  for  the  anterior  portion  of  the 
intestinal  canal  come  from  the  ecrcfaanim^  and  form  a  peculiar  systeii|i» 
which  descends  that  canal ;  the  nerves  of  the  sexual  oigans  ppocetrf 
indeed  from  the  ventral  cord,  but  merely  fn»m  the  brandies  of  the 

•  Lyoncl,  PI.  IX.  f.  1.  2,  2|  J. 
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■laclMadialBd  tetmiiiiil  ganglicto.  We  observe  a  neDvous  sjnteHi  Goai»> 
pond  of  tfairteui  gtfiglia  ni»t  obI?  in  the  calerfitlkrs  of  tlve  Lepidopiepa, 
hot  also  in  the  laarva  of  tbe  Carmbodea,  the  predaci#ii9  beetksi  the 
mjsnty  of.  tbe  lUieromera  (Meioe,  L^iay^  the  capricorns^  and  pn^t 
\tMf  afaoin  the  Chrysomela  ;  in  the  &t  fbotlesalasv^ef  the  Curoutict 
I  nnusa  tiwre  is  only  a  short  ventral  oord  destitute  of  ganglia. 


§  188. 

We  find  every  variety  of  number  between  these  extremes  of  gan- 
gHooJcstraotaiCb-  The  law  whioh  regulates  the  number  of  these  ganglia 
it  <tili  nadiaoovered;  for  that  adduoedby  SirauSj  of  its  being  regulated 
bf  the  lelative  gveater  er  smaller  mobility  of  the  segments^  appears  not 
tfsafice;  'he  uaintaiBs^  namely,  in  generaly  that  the  immobility  of  tbt 
ae^aita  eq^ether  causts-the  disappearance  of  all  the  ganglia;  and  as 
afffasf'fae  eitts'the  families  of  the  Ihflici  and  LamilHoornia,  whose 
tbdMSea  baa  ^no  gsnglia;  but  i&  nsotion  less  in  them  than  in  the  very 
tn»0JOUHKte  Catabodta  and  in  the  genua  Lucanu$f  Certainly  not! 
tbis  less  degree  of  motion'  might  be  ascribed  to  the  ventral  phtea,  and 
ret  we  find  in  the  abdomen  distinct  ganglia.  The  number  of  active 
tfgans  found  in  a  segment  would  aeem  rather  to  influence  it ;  at  least  we 
•bierve  the  ganglia  of  the  thorax  of  perfect  insects  always  larger  when 
tfccy  si«  famished  with  perfect  o^ans  of  flight,  but  smaller  than  those 
of  tbe  abdomen  when  the  winga  and  the  musdes  which  move  them  are 
^ivDting,  for  exam]^>  Meloe  *.  It  therefore  appears  preferable  to 
^Mcribe  the  dififierent  forms  of  the  nervous  cord  of  perfect  insects  in 
^  seike  of  their  orders  and  Amities,  for  within  those  boundaries  we 
ttklMi  ebserre  variations. 

The  greatest  number  of  ganglia  is  found  in  the  nervous  system  of 
tbe  (hih&piera,  Termiiety  Ltbellnla,  and  many  fsmiljes  of  the  Cale* 
ifpiera,  via.  the  Carabodta^  Siaph^lini,  Eiaierg,  Bupresii$s  and  the 
Cepficoraf.  In  these  the  ventral  oord  exhibita  immediately  three 
gftngfia,  which  He  in  the  three  segments  of  the  thorax.  Tbe^  differ 
m  sise,  inter  se,  and  indeed  the  smallest  ia  found  in  the  prottusmx^  tbe 
lugeH  in  the  metathorax,  and  the  intermediate  siae  in  the  meao- 
diorax.  The  ganglion  of  tbe  potfaoeax  lies  immediately  in  front  <^f  the 
mfeemal  furcate  brani^es  of  the  atemum,  at  the  very  base  of  the  horny 
plate,  covered  by  the  muscles  which  run  from  here  partly  ta  the  head 

*  Brandt  and  IUtztbuxs[>  AimgitliiQre)  toL  ii.  purk  iv.  PI.  XVII.  f.  2. 
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and  partly  to  the  ooxee.  Between  the  branches  of  this  prooBS8>  or 
when  it  is  distinctly  furcate  between  the  fork«  the  nenrous  cords  pan, 
proceeding  over  the  connecting  membrane  of  the  pro-  and  mesothorax, 
running  closely  to  it,  and  thus  proceed  into  the  mesothoraz,  again  fora^ 
ing  the  second  ganglion  in  front  of  the  internal  process  of  its  sternum.  If 
the  branches  of  the  first  sternal  process  be  united  in  an  arch  thenervoiiB 
cord  runs  beneath  this  arch,  and  above,  the  muscles  affix  themselves  to 
the  process  of  the  arch  (JLocusta  viridissima,  Termes  Jatalis,  Calli~ 
chroma  moschaium).  The  branches  of  the  second  sternal  process  are 
not  in  general  closed,  the  ganglion  and  eatd.  consequently  lie  here 
freely,  which  is  the  case  also  in  the  third  process.  This,  however,  is 
higher  than  the  preceding,  often  as  it  were  pediculated,  so  that  the 
ventral  cord  must  raise  itself  that  it  may  pass  over  this  process  into  the 
abdomen.  In  front  of  this  elevation  the  third  ganglion  then  lies,  imme- 
diately upon  the  surface  of  the  sternum :  it  is  the  largest,  and  sends 
off  the  thickest  nerves,  and  the  second  ganglion  lies  nearer  to  it  than  it 
does  to  the  first,  and  thus,  even  in  the  nervous  system,  the  more 
intimate  connexion  of  the  two  posterior  thoracic  segments  is  dearly 
shown* 

The  nerves  which  originate  from  this  ganglion  vary  in  number ;  the 
first  thoracic  ganglion  sometimes  sends  off  two  and  sometimes  three 
branches  on  each  side.  In  the  first  case  the  first  branch  runs  to  the 
legs,  the  second  to  the  muscles  in  the  prothorax ;  in  the  second  case 
both  the  first  and  third  on  each  side  are  nerves  of  muscles,  whereas  the 
central  one  is  the  kg-nerve.  Three  branches  are  alsa  found  on  each 
aide  of  the  second  ganglion,  the  central  one  of  which  is  a  nerve  of  a 
leg,  and  the  first  and  third  pass  on  to  musdes.  It  is  probable  that 
the  anterior  one  gives  off  fine  nerves  for  those  contained  within  the 
hdlow  cavities  of  the  ribs  of  the  wings.  The  third  thoracic  ganglion 
also  sends  off  three  branches,  which  distribute  themselves  in  a  like 
manner.  Of  these  the  central  or  1^  nerve  is  always  the  thickest,  and 
most  deeply  seated,  in  as  far  as  the  direct  musdes  of  the  thorax,  or 
the  connecting  muscles  of  the  thoracic  processes,  pass  over  it;  the 
others,  on  the  contrary,  raise  themsdves  over  these  musdes. 

The  number  of  the  abdominal  ganglia  varies  considerably  in  the 
different  groups.  Insects  with  an  imperfect  metamorphosis,  as  the 
JjocusicRj  TermUes,  and  Libellukp,  exhibit  as  many  ganglia  as  segments, 
viz.,  from  seven  to  eight,  the  two  last  of  which,  however,  are  so  closely 
contiguous  that  they  form  one  ganglion  of  a  figure  of  eight.     In  the 
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wlcoptgrous  fEonilies  with  abdominal  ganglia  we  find  in  general  net 
merdy  fewer  than  the  first  named  instances^  hot  also  fewer  than  in 
their  larrs.  During  their  metamorphotia^  namely,  either  two  gangHa 
appear  to  grow  together^  or  else  some  wholly  disappear ;  that  may  be 
the  reiaon  why  the  ganglia  of  the  thorax  are  lai^er  than  those  of  the 
abdomen,  at  least  the  growing  together  of  the  third  and  fourth  ganglia 
of  the  krvae  of  the  Coleoptera  is  very  probable,  particularly  as  this 
anion  is  promed  to  take  place  in  the  Lepidoptera  during  their  meta* 
iiMr]dioei8  by  Herold's  history  of  that  state  of  them.  We  therefore 
find  in  general  in  the  perfin^ed  beetle  only  five  ganglia,  the  two  last  of 
which  are  drawn  so  closely  ti^gether  that  they  form  an  eight-shaped 
ganghon.  From  each  of  these  ganglia  two  undivided  pairs  of  nerves 
proceed,  which  are  rarely  ramose  at  their  extremity,  and  which,  as 
«dl  ss  the  cord  lying  on  the  ventral  pktes,  distribute  themsdves 
among  all  the  viscera  of  the  abdominal  cavity  near  the  surfoce  of  the 
plates.  The  radiating  nerves  of  the  last  ganglion  alone,  which  forms 
the  analogue  of  the  cattda  equina  of  the  superior  animals,  distribute 
themselveB  to  the  internal  sexual  organs  and  to  the  colon.  In  Carabw, 
HifdrophiluSf  Cerambyx,  Lytia,  and  Meloe  there  are  but  these  five 
gas^ia,  and  never  more. 

Having  observed  in  all  these  insects  three  distinct  thoracic  ganglia, 
oae  for  each  thoracic  s^^ent,  we  now  come  to  those  orders  and  fiunilies 
which  have  bttt  two  separated  ganglia  in  the  thorax.  In  the  Coleoptera 
the  large  fomily  of  the  LamelUcomia  belong  here.  The  accurate 
ivpreaentation  4^  the  nervous  system  in  Meioloniha  vulgaris  in 
Stnos*  cgthibits  a  heart-shaped  ganglion  lying  in  the  prothorax,  from 
whidi  a  robust  nerve  originates  on  eadi  side,  which  speedily  divides 
into  several  branches,  the  central  thickest  of  which  passes  to  the 
anterior  leg,  whereas  the  smaller  ones  distribute  themselves  between 
the  musdes  of  the  prothorax.  The  second  ganglion,  lying  in  front  of 
the  meaothorax,  appears  to  consist  prqperly  of  two  closely  contiguous 
ones,  at  least  the  aperture  perceived  in  its  centre  evidently  indicates 
ui  original  separation.  From  the  anterior  division  proceed  the  nerve  of 
^e  intermediate  foot  and  several  branches  for  the  muscles,  as  weU  as  a 
nenre  originatii^  completely  in  front,  which  passes  to  the  elytra ;  from 
the  posterior  division  springs  the  nerve  of  the  wing,  which  gives  off 
^^'W'oiiea  to  the  muscles  and  the  nerve  of  the  posterior  1^,  which  like- 

•  Stniti,  PL  IX. 
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wise  sends  off  many  branches  to  the  muscles.  A  thirds  also  cordiform 
ganglion,  lies  closely  to  the  posterior  division  of  the  second,  and  is 
seated,  as  well  as  that,  in  front  of  the  tridentiform  process  of  the  meta- 
sternum  ;  from  it,  as  well  as  from  the  posterior  margin  of  the  preceding 
ganglion,  fine  radiating  branches  extend,  all  of  which  pass  over  the 
sternal  process  into  the  abdomen,  and  proceed  to  its  ventral  plates  ; 
two  central  thicker  ones,  the  cauda  equina^  proceed  to  the  sexual 
organs  and  the  colon,  distributing  themselves  tbere  with  many  line 
branches.  The  structure  of  the  nervous  system  is  similar  in  Dyticus 
marginalis  :  the  prothorax  has  its  own  ganglion,  which,  by  means  of 
two  thick  and  tolerably  long  nervous  cords,  is  united  to  the  cerebellum 
(PI.  XXXII.  f.  2.).  This  ganglion  lies  always  in  front  of  the  internal 
sternal  process,  and  runs  with  its  posterior  cords  through  both  its 
branches.  The  second  ganglion,  still  larger  than  the  first,  lies  pre- 
cisely upon  the  mesosternum,  in  front  of  the  commencement  of  its 
internal  process ;  from  it  originate,  as  well  as  from  the  anterior,  several 
nerves  among  which  we  distinguish  at  the  first  ganglion  two  large  ones 
for  the  anterior  legs  (tf,  a),  and  at  the  second  ibur  thicker  ones  for  the 
posterior  legs  (6,  6.  and  c,  c).  The  nervous  cord  rises  from  this 
ganglion,  runs  between  the  branches  of  the  sternal  process,  and  Hes 
here  between  the  coxae  as  a  short  nervous  cord  with  four  ganglia,  whidi 
somewhat  increase  in  size,  whereas  the  first  is  scarcely  one  quarter  so 
large  as  the  second  thoracic  ganglion.  From  the  circumference  of 
these  four  ganglia  numerous  nerves  originate,  particularly  from  the 
last,  which,  radiating,  proceed  to  the  apex  of  the  abdomen^  and  espe* 
cially  distribute  themselves  about  the  sexual  organs.  These  last  four 
ganglia  consequently  belong,  as  well  as  the  third  in  Melolontha,  to  the 
abdomen,  but  they,  however,  rise  as  high  as  the  coxae,  for  here  the 
most  important  muscles  are  found,  whereas  in  the  abdomen  but  fev 
large  ones  are  to  be  met  with ;  on  which  account  also  in  both  cases  the 
ganglia  are  wholly  wanting  in  the  abdomen. 

This  is  not  the  case  in  the  L'epidoplera  and  Hymenoplera,  which 
likewise  have  but  two  ganglia  in  the  thorax,  but  in  them  the  abdomen 
abo  exhibits  ganglia,  namely,  five  in  both  orders,  of  which,  however, 
the  two  last  are  also  very  approximate  ;  and  indeed  in  some  cases,  for 
example  in  Philanthus  piclus,  they  are  grown  into  one,  so  that  in  it 
we  can  detect  but  four  distinct  ganglia.  The  decrease  of  the  ganglia 
in  the  thorax  arises  in  the  Lepidopiera  from  the  growing  together  of 
mobt  approximate  ones,  which  takes  place  by  degrees  during  the  pupa 
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State.  Tlms^  from  the  first  and  second  ganglia  of  the  caterpillar  tlie 
ganglion  of  the  prothorax  originates,  from  the  third  and  fourth  the 
common  very  large  ganglion  for  the  connate  meao-  and  metathorax ;  the 
fifth  ganglion  of  the  caterpillar,  as  well  as  the  sixth,  entirely  disappear; 
the  seventh  to  the  eleventh  are  found  likewise  in  the  imago.  The 
ganglion  of  the  prothorax  lies  in  both  orders  between  the  branches  of 
t^e  internal  sternal  process,  and  gives  off,  besides  the  thick  nerve  for 
the  anterior  legs,  finer  branches  for  the  muscles ;  the  ganglion  of  the 
meso-  and  metathorax  lies  upon  the  central  sxiTiace  of  the  sternum,  it 
19  very  large,  and  somewhat  long;  many  nerves  spring  from  it,  eight 
of  which  are  particularly  distinguished.  Two  and  two  form  an  equal 
pair ;  the  first  and  third  pairs  go  to  the  wings,  the  second  and  fourth 
to  the  feet^  the  remaining  finer  ones  distribute  themselves  among  the 
muscles ;  the  last  pair,  lying  closely  to  the  connecting  cord,  passes  with 
th^is  into  the  abdomen,  and  distributes  itself  in  its  first  segment  by 
mefuis  of  several  filaments.  In  Bombus  muscorum,  according  to  Tre- 
viranus'  figure  *,  the  second  thoracic  ganglion  consists  of  an  anterior. 
larger  ^nd  a  posterior  smaller  half;  but  in  many  of  the  Ifymenoplera 
inspected  by  me,  for  example^  in  Fespa  Germanica^  I  could  not  dis- 
tinguish them,  there  was  but  a  single  large  ganglion  visible. 

Ifastlyj  there  are  insects  in  which  but  one  ganglion  is  found  in  the 
thorax,  these  are  the  Diplera.  In  them  it  is  known  that  the  thorax 
is  formed  of  but  one  undivided  pieoe,  which  consists  especially  of  the 
mesothorax,  to  which  the  very  smaU  pro-  and  metathorax  are  but 
appended.  In  the  mesothorax  also  we  find  the  chief  muscles,  namely, 
the  large  direct  dorsal  and  alary  muscles,  and  accordingly  a  single 
large  ganglion,  which  lies  upon  the  centre  of  the  sternum,  between  the 
intermediate  and  posterior  legs.  It  takes  the  form  of  a  long  ganglion 
(^PL  XXXII.  f.  4.),  from  which  spring  six  main  nerves  for  the  legs. 
I  have  not  yet  detected  nerves  for  the  wings  proceeding  directly  from 
the  ganglion ;  perhaps  they  may  be  branches  of  the  nerves  of  the  feet. 
From  the  posterior  margin  of  the  ganglion  a  simple  strong  nervous 
filament  passes,  which,  running  between  the  apertures  of  the  coxse, 
proceed  into  the  abdomen ;  closely  before  its  entrance  it  gives  off  on 
eac|i  side  a  fine  nerve,  but  in  the  abdomen  itself  it  has  no  branch  as 
far  as  the  middle  of  its  course.  Here  it  first  distends  into  a  small 
ganglion,  from  which  on  each  side  a  fine  furcate  nerve  originates.    A 
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second  somewhat  lai^r  ganglion  lies  some  little  distance  beyond  the 
first,  Exactly  between  the  sexual  organs,  and  gives  off  branches  to  this 
as  well  as  to  the  colon,  lliia  description  has  been  sketdied  from  the 
EristaUs  ienax  of  Meigen ;  in  Musca  vamUoria  I  fimnd  precisely  the 
same  stracture. 

§  189. 

III.    THX  SYMPATHIO  SYSTEM. 

A  peculiar  nervous  system,  which  hung  connected  with  the  cerebrum 
by  means  of  fine  branches,  and  in  its  course  spread  itself  about  the 
anterior  portion  of  the  intestinal  canal,  was  formerly  discovered  by 
Swammerdam  in  the  larvee  of  the  rhinoceros-beetle  (^Oryctes  nasi^ 
comis  *),  and  by  Lyonet  in  the  larva  of  the  large  Cosstis  f .  Subse- 
quent anatomists  took  no  fiirther  heed  of  this  discovery ;  and  until 
Cuvier,  who  described  some  of  the  forms  of  these  nerves,  it  was  not 
again  thought  of.  Since  then  J.  F.  Meckel,  Treviranus,  and  Marcel 
de  Serres  have  described  this  system  in  individual  insects;  but  Joh. 
Miiller  claims  the  greatest  merit  for  giving  the  details  of  this  system 
n  a  distinct  treatise  %»  having  proved  these  nerves  to  be  peculiar  to 
many  insects,  and  for  having  represented  them  in  several  orders. 
J.  Brandt  §  has  likewise  completed  the  observations  of  Miiller,  and 
has  given  a  well-executed  representation  of  the  various  relations  of  the 
nerves  in  the  caterpillar  and  imago  of  the  silkworm*  From  these 
earlier  contributions,  and  from  my  own  individual  observations,  I 
deduce  the  following  results  : — 

§  190. 

The  sympathic  system  is  peculiar  to  all  insects,  but  in  the  several 
orders  it  takes  a  different  form :  we  may  distinguish  in  it  two  main 
divisions.  A  single  cord,  which  runs  upon  the  surface  of  the  ceso- 
phagus  and  stomach,  giving  off  delicate  branches  on  all  sides,  and  where 
the  oesophagus  passes  through  the  brain  running  with  the  oesophagus 
beneath  the  cerebrum :  and  a  double  nervous  web,  consisting  of  ganglia, 

*  Biblia  Natune,  PI.  XXVIII.  f.  2  and  3. 
t  Lyonet,  PI.  XII.  f.  \,h. 

t   KoTa  Acta  Phys.  Med.  Soc.,  torn.  xiv.  port  i.  p.  73,  &c. 

§  J.  J.  Brandt,  Beobachtangen  iiber  die  Systeme  der  Eingeweidenenren.  Isis.  1831, 
p.  2003. 
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wliich  originates  on  each  side  by  one  braneh  from  the  posterior  portion 
of  the  cerebrum  running  down  the  cesophagusy  and  giving  off  here  and 
there  fine  auxiliary  branches  to  the  single  nervous  cord.  Both  stand 
ia  a  certain  reciprocal  relation  to  each  other^  in  so  ^  as  where  the 
doable  system  preponderates  the  former  diminishes,  and  where  the 
single  cord  is  considerably  developed  the  double  ganglia  with  their 
bnmdies  shrink  up. 

The  single  nervous  cord  is  considerably  most  developed  in  the 
CoUoptera,  Lepidcptera,  and  Libellula.  It  here  originates  with  two 
bnoiches  arched  towards  each  other,  springing  from  the  anterior  por- 
tkm  of  the  cerebrum,  contiguous  to  the  nerves  of  the  antennae.  Both 
bnnches  unite  at  the  centre,  and  form  a  small  ganglion  (ganglium 
frontaie),  and  from  this  the  single  nerve  proceeds  beneath  the  brain 
(PL  XXXII.  f.  6 — 8.  a,  a.).  This,  from  its  bending  form.  Swam* 
neidam  and  Cuvier  called  the  nervtu  recurretis.  The  arch  is  some- 
times double,  as  in  the  silkworm  (PI.  XXXII.  f.  6  and  70-  1°  the 
Coleopiera,  on  the  contrary,  always  simple  (tlie  same,  f.  8.) ;  but  yet 
in  both  finer  branches  originate  from  this  arch,  which  sink  to  the 
anterior  wall  of  the  oesophagus,  and  pass  even  into  the  labrum.  In 
some  Coleopiera^  for  example,  Melolonlha,  these  arching  branches  are 
so  fine  that  they  even  escaped  the  accurate  Straus ;  he  detected  but  two 
delicate  filaments  to  arise  from  the  frontal  ganglion,  lying  in  front  of 
the  corebmm,  which  appeared  to  bend  about  the  oesophagus.  I  also 
ba?e  not  been  able  distinctly  to  perceive  in  several  beetles  this  con- 
nexion of  the  frontal  ganglion  %nth  the  cerebrum.  When  the  filament 
^  passed  behind  the  brain  it  runs  along  the  oesophagus  as  a  simple 
oord,  which  nevertheless  gives  off  everywhere  very  delicate  auxiliary 
branches  to  the  tunics  of  the  oesophagus,  as  £Eur  as  the  stomach,  and 
Iicre  divides  itself  into  two  equal  branches,  forming  at  the  point  of 
division  a  small  ganglion,  from  which,  besides  the  two  main  stems, 
many  other  smaller  filaments  proceed.  Where  the  stomach  commences 
in  the  craw,  consequently  in  the  predaceous  insects,  and  at  the  ante- 
rior half  of  the  large  simple  stomach  in  the  vegetable  feeders,  its  last 
very  delicate  branches  terminate,  for  they  sink  between  the  tunics  of 
the  stomach,  and  there  lose  themselves ;  indeed,  in  the  cases  in  which 
the  oesophagus  is  tolerably  long,  they  but  just  reach  the  stomach  itself, 
without  spreading  themselves  over  it.  This  description  of  the  dis- 
tribution of  the  single  nervous  cord  will  suit  also  the  Lepidoptera^ 
for  in  them  also  it  never  extends  beycmd  the  commencement  of  the 
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Stomach,  but  furcates  shortly  before  this  spot,  and  ramifies  into  the 
finest  threads. 

The  double  nervous  system  in  these  orders  consists  of  fimr  small 
ganglia,  which  lie  directly  behind  the  brain  upon  the  oesophagus.  The 
anterior  generally  somewhat  larger  ganglion  (f.  6 — 8.  b.  b.)  arises  with 
one  (CoUoptera)  or  two  (Lepidoptera)  branches  from  one  half  of  the 
cerebrum,  and  sends  outwards  delicate  branches  about  the  cesophagus, 
but  inwards  a  branch  which  unites  itself  with  the  single  nervous  cord 
lying  between  the  two  ganglia.  The  second  smaller  ganglion  (the 
same>  b*.  6*.)  stands  in  connexion  with  the  first  by  means  of  a  nerve  of 
communication ;  it  also  sends  oflT  fine  branches,  which  run  along  the 
oesophagus :  indeed,  in  the  Lepidoptera,  it  also  unites  itself  again  with 
the  unequal  cord.  This  last  ganglion  of  the  double  system  was  discovered 
at  the  same  time  by  Straus  Durkheim,  and  Brandt:  the  first  was 
discovered  by  Lyonet  in  the  Cossus  caterpillar,  but  its  connexion  with 
the  single  cord  escaped  him. 

§   191. 

The  double  nervous  system  attains  its  most  complete  development  in 
the  Orthoptera,  namely,  in  Locusta  and  Gryllus.  In  Gryllus  migra^ 
ioriue  (PI.  XXXI.  f.  6.),  there  are  found  immediately  behind  the  brain, 
upon  the  superior  surface  of  the  oesophagus,  five  different  ganglia.  The 
central  and  smallest  (6.)  lies  nearest  the  brain,  in  which  its  two  halves 
make  considerable  constrictions,  being  united  on  each  side  by  means  of 
a  fine  branch  within  each  hemisphere.  Between  these  two  connecting 
branches  this  ganglion  meets  the  single  cord,  which,  coming  from  the 
frontal  ganglion  beneath  the  brain,  originates  likewise  with  two  arched 
branches  from  the  antericnr  side  of  the  brain,  and  from  the  frontal 
ganglion  itself  sends  off  delicate  branches  forwards.  Posteriorly  this 
single  nerve  does  not  quit  the  central  ganglion,  but  wholly  terminates 
in  it.  Two  other  ganglia,  which  lie  closely  to  the  central  one  (c.  c), 
are  the  largest  of  all,  and  have  the  form  of  a  figure  of  eight,  and  stand 
in  connexion  with  the  central  one  by  means  of  one,  and  with  the  brain 
by  means  of  two  branches.  At  its  posterior  end  two  other  branches 
originate  from  it,  the  exterior  of  which  is  the  longest ;  both  ftircate, 
the  latter  after  it  has  first  swollen  at  the  point  of  separation  into  a 
small  ganglion  (e.).  Close  to  these  two  ganglia,  we  find  at  the  lateral 
margins  of  the  oesophagus  two  other  oval  but  somewhat  smaller  ones 
(</.  d.)y  which  are  connected  with  the  central  one  by  means  of  two,  and 
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with  tbe  bniiff  by  0m  oidy,  but  tolerably  robueit  nerires*  T^Mo  brandiin 
origiiuite  posteriorly  from  them'^  biit  which  speedily  reunite  in  a  stfiaikr 
gtnglini  (rl*  ^*),  -which  dieft  sends  off  a  kmg,  rstfaer  strong. filament. 
This  fiknMnt  tmis-down  hjr  the  side  -of  the  cesophagus,  and  passefr  wA 
itintethepratbortac.  The  asophagos  here  distemk  into  the  crop, 'tad 
sboitt  the  ouktm  of  whidi,  each  nferve  forms  a  small  ganglion  {f*f-)y 
from  vvUch  two'iufcate  bvanehes,  whkb  embrace  the  oescfyhagus,  pro* 
oeed  r  the  ner?e:t^n  mns  undivided  "on  until  it  attains  t^e  end  «f  tlie 
oop.  Hbi»  it  ibnaa  ibe  second  ganglion  {g.  g.),  which  again  sends  «ff 
tlufe  doable  bnuiohas^'  eaoh  of  winch  fnrcates.  The  branches  of  tiiese 
kicaie  nenresi,  six  in  nunber,  or  twelve  on  both  sides,  pass  between  the 
•X  eoea  tying  at  tteorifios  of  the  stomach,  and  distribute  themsehres 
Ofcr  them"  in  the  most  delicate  threads.  In  Gryllus  kierogfyphicuSf 
tesording  teMiiUer^,  the  upper  ganglion  is  again  found,  but  its  rela- 
tive pK>poiticiQ  is  not  very  evident  from  his  representation ;  the  nerve 
Tuiming  down  the  oesophagus  has  no  ganglia,  but  many  fine  branches 
are  given  off  along  its  whole  course.  In  Acheta  GryUotalpa  t,  the 
downward  running  nerves  are  very  distinct:  both  give  off  auxiliary 
brmiclMi^  particolariy  to  the  sadcoshaped  distended  crop*  In  the 
pio»eBificulu8,  they  again  unite  to  form  a  tolerably  considerable 
gngfion,  wtenee  many  branches  originate,  which  distribute  themsdvea 
•fer  it.  Bktiia  and  Mantis  have  but  a  central  single  nervous  cord, 
which  appeals,  tiow^vet,  te  proeeed  from  the  ganglion  lying  behind  the 

*  r 

'IV.   Ttta'ChtoAMs  OP  thb  Sbmsbs. 

§  192. 

Of  .all  the  aeveral  ei^pana  ^  the  senses,  the  eye  aloae  possesses  a 
mperior.^evth^mentt  nose. and  eait  are  not  yet  proved  to  exist,  and 
tasie  likenriieican  be  passent  only  in  a  £ew»  at  least  to  a  degree  woithy 
^  iarfaliga(it» ;  rbttt.touahi  which  never  properly  possesses  a  diat&nct 
and  coastaako  oxgauj  butj  acoovding  to  the  differences  of  animal 
wyaiaatiea,  is  eonietimes'ampaiitedyto  ^me  and  sometimes  to  another 
ot|aiv  hasyin  the  majonty^  of  lihe  arders>  peculiar  organs  varying  in 
their  grade  e£  development.     . 

Of.thflK  leases,  we  wiU  first  examine  that  of  si^t,  as  the  most 

perfects     'I         Ji        •     «  •!•  ,      1     .<     .1 
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The  form,  situation^  number^  and  external  differences  of  the  eyes  of 
insects^  have  been  already  sufficiently  described  in  the  first  division  of 
our  present  inquiry ;  wc  can  therefore  presume  that  all  these  points  are 
known,  and  proceed  at  once  to  its  internal  structure.  Upon  turning  a 
preliminary  glance  to  the  history  of  the  progress  of  these  observations, 
we  shall  find  all  the  earlier  investigations  unsatisfactory.  The  facets 
in  the  eyes  of  different  insects  were  numbered,  the  optic  nerve  and  its 
radial  branches  were  also  known,  and  a  distinction  was  made  between 
compound  and  simple  eyes,  without  the  peculiar  structure  of  the  latter 
being  detected.  After  such,  upon  the  whole  unsatisfactory,  preludatory 
labours*.  Marcel  de  Serres  f  undertook  a  more  comprehensive  investi- 
gation of  the  eyes  of  insects,  in  which  he,  indeed,  discovered  much  that 
was  new,  but  was  far  from  exhausting  the  subject,  which  is  evident 
from  the  subsequent  labours  of  Joh.  MiiUer  |.  It  was  reserved  to  this 
indefatigable  inquirer  to  give  a  comprehensible  explanation  of  the  eyes 
of  insects,  and  to  lay  the  foundation  of  the  correct  doctrine  of  the  sight 
of  insects  with  both  compound  and  simple  eyes.  The  following  is  the 
result  of  his  admirable  investigation,  confirmed  by  Diiges  §^  in  oppositiaii 
to  Straus-Durkheim  ||. 

The  simple  eyes  of  insects  agree  entirely  in  structure  with  the  eyes 
of  the  superior  animals,  particularly  of  the  fish.  It  is  found  in  all  the 
larvee  of  insects  with  a  perfect  metamorphosis,  and  in  many  families  of 
perfect  insects  of  all  orders.  The  following  Table  will  give  a  mate 
precise  survey. 

L    Insects  with  merely  simple  eyes, 
a.  The  larve  of  CoUoplera,  Lepidoptera,  Hymenoptera,  Neurop" 
iera,  and  Diptera  (with  the  exception  of  Culex  and  the  ap- 
proximate water  larvs,  which  possess  compound  eyes). 
6.  The  Diciifoioplera,  Thysanoura  (with  the  exception  oiMackUis 
and  Mallophagd). 
IL  Insects  with  simple  and  compound  eyes, 
a.  The  majority  of  insects  with  an  imperfect  metamorphosis, — 
consequently. 

*  CoDiult  ScheWer  Venuch  einer  Nataige8chicht«  der  Sinneswerkzeuge  bci  dea 
loBekten.   Getting.  1798.    8to. 

t  M^m.  BUT  lea  Yeux  composes,  et  lei  Yeux  lisa^i  det  Insectes.  Montp.  1813.  8to. 

\  Zur  Veigleicbende  Ph^iologie  des  Geachtuunnea.  Leip.  1826.  8to.,  and  SuppU  to 
it,  in  MeckeVs  Aichiy.  1828. 

%  Annalei  d«a  Sc.  Nat.  xz,  341.  6.  ||  lb.  torn,  xriii.  p.  463. 
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1 .  Orthopiera  collectively^  without  Forjicula, 

2.  Diciifaiaptera,  Libellula,  and  Ephemera,  have  three  simple 
eyes,  Tertnes  but  two. 

3.  Hetniptera,  The  majority  of  bugs  have  two  simple  eyes  ; 
some,  for  example,  Lygaeus  apterus,  none.  The  majority 
of  Cicada  have  three  simple  eyes;  some,  for  example, 
MembraciSj  Flaia,  but  two.  The  water  bugs,  as  Nepa, 
Ranatra^  Naucoris,  Nolonecta,  Sigara,  display  no  simple 
eyes, 

6.  Of  insects  with  a  perfect  metamorphosis : 

1.  The  Diptera.  Generally  three,  seldom  two  {Myceiophila) 
simple  eyes.  Tile  Tipuiaria,  Culicina,  and  Galiifica,  are 
excepted,  as  they  possess  no  simple  eyes. 

2.  The  Lepidoplera.  Two  simple  eyes  in  the  crepuscular 
moths  and  Noclua  (perhaps  in  all  ?) 

3.  All  Hymenoptera  have  three  simple  eyes  upon  the  vertex 
(some  neuter  ants  are  blind,  as  well  as  the  majority  of 
larvse). 

4.  Neuropteram  Three  simple  eyes  as  well  as  compound  ones 
in  Phryganea,  Semhlis,  Raphidia,  Panorpa,  Osmylus, 

5.  Coleoptera.  Two  simple  eyes  in  Onihopkagus^  OmaHum, 
and  Paussus. 

III.   Insects  with  merely  compound  eyes. 

a.  AU  Coleoptera,  with  the  exception  of  the  above-named  genera, 
Anlhaphagus,  Omalium,  and  Paussus,  the  two  points  upon 
whose  vertex  are  supposed  to  be  simple  eyes. 

b.  Besides,  several  already-named  genera  and  families  of  other 
orders,  as,  Machilis^  Forjicula,  Hydrocorides,  Tipuiaria, 
Culicina,  Gafl^fica,  Hemerobius,  Myrwecoleon,  Ascalaphus,  &c. 

c.  The  larvse  of  insects  with  an  imperfect  metamorphosis.  In 
the  larve  of  the  Cicada  and  Gryllus,  the  simple  eyes  are  indi- 
cated by  spots,  and  the  compound  ones  have  fewer  facets  than 
in  the  imago. 

With  respect  to  the  internal  structure  of  the  simple  eye,  there  is 
found  beneath  the  very  smooth  hemispherical,  or,  at  least,  convex 
transparent  horny  integument,  a  small  globular  transparent  lens,  which 
Haelosely  attached  to  the  horny  integument,  and  (its  into  a  corresponding 
cavity  in  the  inner  surface  of  that  int^ument.  Behind  the  lens  lies  a 
truly  lens-shaped  glassy  body,  larger  in  compass  than  the  lens,  cofr^ 

u2 
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spending  with  the  entire  circumference  of  the  eye^  but  proportionately' 
less  convex.  Both  hemispherical  divisions  of  the  glassy  body  are  of  a 
different  convexity^  and,  indeed,  the  upper  is  the  flatter,  and  the  lower 
the  most  convex  side.  The  rete  or  superior  bowUshaped  distended 
end  of  the  optic  nerve  spreads  itself  at  the  posterior  margin  of  the 
glassy  body.  It  closely  embraces  this  body,  which  lies  in  it  as  in  a 
shell.  It  is  again  exteriorly  covered  by  the  pigment.  This  bends 
itself  in  the  entire  circumference  of  the  eye,  up  to  the  homy  tunic,  and 
forms  around  the  lens  a  small  iris  beneath  that  tunic.  Where  the 
optic  nerve  spreads  into  the  rete,  the  pigment  covers  it,  but  thus  far  it 
comes  entirely  free  irom  the  cerebrum,  as  was  shown  above.  The 
pigment  varies  much  in  colour:  in  the  majority  of  cases  it  is  of  a  brown 
red  or  dark  cherry  brown,  sometimes  black,  or  of  a  bright  blood  red. 
In  this  case,  or,  rather,  in  general,  the  margin  lying  next  to  the  homy 
integument  shines  through  it,  and  thus  forms  in  the  circumference  of 
the  lens  a  beautifully  coloured  iris.  It  is  more  evident  in  the  large 
eyes  of  the  scorpions  and  of  the  SolpugcR,  but  even  the  small  eyes  of 
insects  exhibit  an  annular  iris* 

§  194. 

The  presence  of  compound  eyes  is  shown  by  the  above  Table. 
Regarding  their  stracture,  the  horay  integument  consists  of  many  small 
hexagonal  surfaces,  which  correspond  exactly  with  each  other,  and 
cause  the  hemispherical,  or,  at  least,  convex  flgure  of  the  superior 
surface  of  the  eye.  Each  of  these  hexagonal  facets,  the  number  of 
which  varies,  and  is  sometimes  very  considerable,  as  the  following  list 
of  them  shows, 

Mordella      ....    25,088 

LibeUula      ....     12^544 

Papilh 17,355 

Sphinx  Convolvulus    .       1,300 

Cossus  ligniperda  .     .     11,300 

(Eslrus 7,000  ^' 

Liparis  Mori    .     .     .      6,236 

Musca  Domestica  .     .      4,000 

Formica 50 

forms  a  distinct  lens,  convex  on  both  sides,  varying  in  thickness.  The 
proporti<m  of  its  thickness  to  its  transverse  diameter  is,  for  example,  in 
a  sjlhinx,  1  : 2  ;  in  others,  this  lens  is  still  thicker,  which  is  especially 
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the  case  in  all  insects  with  an  imperfect  metamorphosis.  Nevertheless, 
each  lens  is  flatter  in  them  than  in  other  insects,  and  we  must  here 
consequently  regard  every  individiiBl  lens  as  cut  at  its  margin,  so  that 
merely  the  central  most  elevated  portion  remains.  Were  this  not  the 
case  in  thick  and  flattish  lenses,  objects  would  necessarily  appear 
indistinct.  In  Gryllus  hieroglyphicus,  Joh.  Miiller*  detected  the 
proportion  of  the  breadth  to  the  tliickness  to  be  1 :  7«  ^c  space  at 
the  circumference  of  the  facets  is  covered  by  the  pigment  collected 
between  the  filaments  of  the  optic  nerve,  so  that  each  individual  facet 
is  surrounded  with  a  ring  of  pigment  or  kind  of  iris ;  the  disk,  how- 
ever, remains  free  and  transparent.  Upon  the  superior  surface  we 
occasionally  observe,  particularly  in  the  bees  and  flies,  fine  hairs  pro- 
jecting, which  may  be  considered  as  analogous  to  the  eye-lashes,  as 
they  doubtlessly  prevent  the  approach  of  external  bodies,  but  at  the 
same  time  limit  the  visual  circle  of  each  facet  to  the  space  itself 
occupies. 

Upon  the  inner  surface  of  each  individual  lens  we  find  a  tran^Mirent 
crystalline  cone,  the  convex  surface  of  which  touches  merely  the  centre 
of  each  facet,  but  leaves  a  small  space  around  the  circumference  free 
for  the  ring  of  pigment.  Tl^e  circumference  of  each  of  these  cones*  is 
ibr  a  certain  space  not  inclined  but  perpendicular,  thus  giving  the 
crystalline  body  a  more  cylindrical  form,  which,  however,  gradually 
diminishes,  and  they  internally  run  to  a  point,  to  which  a  delicate 
filament  of  the  radiating  optic  nerve  passes.  The  pigment  or  peculiar 
•colooring  matter,  which  occupies  the  whole  inner  space  of  the  eye, 
•passes  between  these  cones,  enveloping  the  filaments  of  the  optic  nerve 
as  fiar  as  the  facets  forming  the  iris  around  the  circumference  of  the 
base  of  the  cone.  In  this  manner  each  individual  facet  with  its  crys- 
talline body  is  separated  firom  the  other,  and  may  therefore  be  considered 
as  a  distinct  eye.  The  length  of  these  cones  varies  not  only  in  dilierent 
insects,  but  often  in  the  same,  from  its  position  being  either  marginal 
or  central.  We  may  consider,  in  general,  that,  in  such  eyes  which 
form  no  segment  of  a  circle,  those  cones  which  are  found  at  the  flattest 
•port  of  the  eye  are  the  longest,  and  the  others  situated  at  the  more 
convex  parts,  the  shortest,  but  the  basal  surface  of  the  cone  does  not 
vary,  but  is  always  regulated  by  the  form  of  the  facet.  Their  length 
cannot  be  precisely  determined,  but,  in  such  eyes  which  form  the 

• 

*  Where  cited  above,  p.  241. 
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eminent  of  a  circle^  or  which  are  hemispherical^  it  is  regulated  by  the 
size  of  the  entire  sphere  :  larger  and  consequently  Matter  spheres^  receive 
longer  ones,  and  smaller,  and,  therefore,  more  convex  ones,  receive 
shorter  cones.  In  one  of  the  Noctu/g,  Joh.  Miiller  found  the  proportions 
of  length  to  the  breadth  of  the  base  to  be  as  5  to  1 .  In  (Esckna,  these 
relations,  according  to  Duges*  figure,  are  as  10  to  I ;  the  base  itself 
also  rises  so  much,  that  it  even  appears  conical. 

As  we  have  mentioned  aliove,  a  filament  of  the  optic  nerve  stands  in 
connexion  with  the  apex  of  each  cone.  These  filaments  are  thin, 
extremely  delicate  nerves,  which,  like  the  rays  of  a  sphere,  originate 
from  the  exterior  surface  of  the  optic  nerve,  and  spread  themselves  to 
the  circumference,  one  passing  to  each  cone.  Nothing  further  can  be 
remarked  of  them ;  a  separation  or  radiating  division  of  them  has  never 
been  observed.  They  bring  the  external  portion  of  the  eye  into  con- 
nexion with  the  cerebrum,  and  may  be  therefore  considered  as  the  most 
important  conductors  of  the  sense  of  sight.  According  to  the  figure  of 
Straus,  this  nerve  somewhat  distends  where  it  joins  the  crystalline  body, 
and  encompasses  its  apex,  there  forming  a  kind  of  retina ;  but  Miiller 
and  Diig^  never  detected  this  distension  of  the  filaments  of  the  optic 
nerve. 

The  dark  pigment  spreads  all  over  the  entire  eye  between  the  filaments 
of  the  optic  nerve.  It  is  a  variously  coloured,  generally  a  dark  purple 
red,  sometimes  brighter  (^Mantis),  thickish  fiuid,  which  is  transpierced 
throughout  by  fine  tracheal  branches,  which  proceed  from  a  trachea 
surrounding  the  inner  circumference  of  the  eye  like  a  ring.  This  layer 
of  colour  consequently  corresponds  with  the  choroidea  of  the  higher 
animals,  which  is  both  colouring  matter  and  a  vascular  tunic  The 
pigment  in  the  majority  of  insects  admits  of  being  divided  into  two 
layers,  from  its  difiference  of  colour.  The  external  brighter  pigment 
displays  very  various  colours,  as  is  proved  by  the  mere  appearance  of 
the  eyes.  All  bright,  glittering  metallic  eyes,  or  such  as  are  ornamented 
with  stripes  and  spots,  derive  their  painting  and  markings  from  this 
superficial  pigment.  I  will  cite  here  merely  the  green  yellow  eyes  of 
the  butterflies  of  the  genus  Pontia  and  the  banded  metallic  eyes  of  the 
Tabaniy  the  brassy  coloured  ones  of  the  Hemerobia,  and  the  beautifully 
coloured  eyes  of  so  many  other  insects.  The  internal  pigment  is  uni- 
formly dark,  but,  likewise,  it  is  not  entirely  similar  in  all  insects,  but 
varies  according  to  the  families  and  genera.  Mantis  exhibits  it  bright 
red,  the  moths  violet,  many  butterflies  of  a  blue  violet,  and  other  butter- 
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flies,  the  Hymenoptera  and  Ctdeopiera,  of  a  dark  blue  or  entirely  black. 
Even  in  insects  which  possess  but  one  pif^ent,  the  colour  is  not  entirely 
the  same,  but  darker  nearer  the  centre,  brighter  at  its  circumference  in 
the  vicinity  of  the  glass  cone  and  lens.  In  some  cases  we  discover 
more  than  two  layers  of  pigment,  as,  for  example,  in  Gryllus  hiero^ 
glyphicusy  an  exterior  pale  orange  colour,  a  central  bright  red,  and  a 
dark  violet.  The  first  and  second  were  very  thin,  each  thinner  than 
the  lenses;  the  innermost  entirely  filled  the  remaining  portion  of  the 
eye*. 

Thus  much  upon  the  structure  of  the  eye.  We  may  here  once  more 
repeat  that  this  entire  description  is  but  an  extract  of  Joh.  Miiller's 
admirable  treatise  upon  this  subject,  and  that  here  merely  the  most 
interesting  portion  of  his  results  are  stated.  The  subsequent  labours 
of  Straus  Durkheim  f  and  Diiges  do  not  equal  those  of  the  above 
distinguished  entomotomist,  nor  have  they  been  able  to  add  many  new 
discoveries  or  corrections  of  his. 

§195. 

Much  obscurity  still  invests  our  knowledge  of  the  hearing  of  insects. 
G.  R.  Treviranus  X  has,  indeed,  discovered  and  described  the  organ  of 
hearing  of  the  moths ;  it  consists  of  a  simple  thin  drum,  which  is  seated 
at  the  'forehead  in  front  of  the  base  of  each  antenna,  and  to  which  the 
nerves  of  hearing,  which  are  branches  of  the  nerves  of  the  antennae, 
spread  themselves  without  the  intermedium  of  a  hearing  bladder  filled 
with  water ;  but  this  admirable  discovery  of  his  has  not  been  confirmed 
in  insects  of  other  orders,  for  a  similar  organ  has  not  yet  been  detected 
in  them.  After  him,  Joh.  Miiller  §  described  the  peculiar  organ  of  the 
grasshopper,  which  is  seated  on  each  side  at  the  base  of  the  abdomen ; 
he  considered  it  the  organ  of  hearing,  but  incorrectly,  as  will  be  shown 
below :  it  is  more  likely  to  be  an  organ  of  sound.  Other  earlier  opinions, 
for  example,  those  of  Ramdohr  ||,  who  considered  the  anterior  salivary 
glands  of  the  bees  as  organs  of  hearing,  are  partly,  as  this  latter,  recalled, 
or  else,  as  unsatisfiEictory,  require  no  further  notice.  To  these  may  be 
classed  Comparetti's  observations  of  bags  and  passages  in  the  heads  of 

*  MiUler,  p.  355.  f  Considerations  G^n^nd,  &c.,  p.  409 

t  Aonalen  da  Wetteimu.  Q«wll.  f.  d.  Ges.  Natark.  Vol.  i.  Pt  2.  180!». 
i  ContttU  hii  Phyii.  du  Qeaischtssinncs.  p.  438. 
II  Mag.  du  Oct.  Naturf.  Berlin.  1811.  389. 
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individual  insects^  to  whidi  cavities  nervons  filaments  were  said  to  be 
distributed  *.  It  is  evident  that  some  misconception  was  here  at  work> 
for  no  entomotomist,  either  before  him  or  since,  has  seen  any  thing  of  the 
kind.  But  as  insects  doubtlessly  hear,  as  some^  for  example,  the  Cicada, 
grasshoppers,  many  beetles,  8ic.,  produce  a  peculiar  sound,  which  serves 
to  attract  the  attention  of  the  female,  they  must  evidently  be  provided 
with  an  organ  of  hearing,  which  is  either  very  recondite,  or  refened  to 
organs  whose  form  does  not  evince  their  function.  The  antennae  are 
doubtlessly  of  this  class,  and,  indeed,  Sulzer,  Scarpa,  Schneider, 
Borkhausen,  Reaumur,  and  Bonnsdorf,  considered  them  as  organs  of 
hearing.  That  they  are  not  organs  of  touch,  is  proved  anatomically  by 
their  horny  hard  upper  surface,  and  physiologically  by  tlie  observation 
that  insects  never  use  them  as  such,  this  function  being  exercised  by 
other  organs,  namely,  the  palpu  Besides,  the  analogy  of  the  crabs,  in 
which  it  is  well  known  that  the  organ  of  hearing  lies  at  the  base  of  the 
large  antennse,  speaks  in  favour  of  the  adoption  of  the  opinion  of  their 
being  in  general  organs  of  hearing.  If  after  this  hint  we  look  to  the 
insertion  of  the  antennae,  we  likewise  detect  here  a  soft  articulating 
membrane,  which  lies  exposed,  and  which  is  rendered  tense  by  the 
motion  of  the  antennae.  This  membrane,  beneath  which  the  nerve  of 
the  antennae  runs,  might,  without  much  inconsistency,  be  explained  as 
the  drum  of  the  ear,  and  thus  would  the  antennae  be  transformed  pelices, 
which,  as  very  moveable  parts,  would  receive  the  vibrations  of  the  air, 
caused  by  sound,  and  act  as  a  conductor  to  it.  Whoever  has  observed 
a  tranquilly  proceeding  Capricorn  beetle,  which  is  suddenly  surprised 
by  a  loud  sound,  will  have  seen  how  immoveably  outwards  it  spreads 
its  antennae,  and  holds  them  porrect  as  it  were  with  the  greatest  atten- 
tion as  long  as  it  listens,  and  how  carelessly  the  insect  proceeds  in  its 
course  when  it  conceives  that  no  danger  threatens  it  from  the  unusual 
noise.  Gams  ^,  Straus  Durkheim  §,  and  Oken  ||,  are  of  the  same 
opinion,  and  which  I  have  entertained  for  years,  and  endeavoured  to 
confirm  myself  in  by  numerous  experiments. 


*  Schelyer,  as  abore,  p.  51.  f  lb.  p.  24.  X  Zootomie,  p.  65. 

S  Consid.  G^nendes,  p.  415,  &c. 

II  It  was  not  unpleaaing  to  me  to  find  in  the  recent  edition  of  Oken**  Natuxphilosoplue, 
my  opinion  stated  in  almost  the  same  words  in  which  I  wrote  them  down.  Consult  that 
work,  p.  421,  No.  3355.  The  earlier  edition  of  this  work  did  not  contain  the  idea.  See 
Vol.  iii.  p.  274,  No.  3100. 
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§    196. 

Much  more  doubt  and  uncertainty  attends  the  observations  and 
opinions  upon  the  organ  of  smell  of  insects.  Reaumur^  Lyonet^  and 
several  modem  French  naturalists^  consider  the  antennse  as  such,  but 
I  would  ask  with  what  right?  A  hard,  homy  organ,  displaying  no  nerve 
upon  its  surface,  cannot  possibly  be  the  instrument  of  smell,  for  we 
always  find  in  the  olfactory  organ  a  soft,  moist,  mucous  membrane,  fur- 
nished with  numerous  nerves.  No  such  tunic  is  to  be  found  in  insects, 
at  least  in  their  head,  or  upon  the  surface  of  their  bodies.  Marcel  de 
Serres  *,  and  before  him^  Bonnsdorf  f ,  endeavoured  to  prove  the  palpi 
organs  of  smell,  he  described  pores  at  their  extremities,  namely,  in  the 
Orihoplera,  which  passed  through  its  soft  apex  into  the  interior,  and 
here  distributed  nervous  branches  ;  he  also  considered  that  the  tracheae 
of  the  palpi  opened  into  the  mouth,  and  that  thereby  a  constant  stream 
of  air  was  kept  through  them;  but  it  is  all  fanciful  without  any 
satisfactory  foundation.  The  palpi  have  no  pores  at  their  extremity, 
and  their  tracheae  have  no  external  orifice.  Gomparetti  f  found 
cavities  and  cells  beneath  the  frons,  which  nobody  ever  saw,  either 
since  or  before,  and  these  he  considers  organs  of  smell.  More  recently, 
F.  Rosenthal  §  described  a  folded  skin  at  the  forehead,  beneath  the 
antennae,  to  which  two  fine  nerves  passed,  and  which  he  considers  as 
the  organs  of  smell  of  Musca  domestica  and  vomitoria;  and  he  observed, 
after  the  destruction  of  the  part,  a  deficiency  of  the  function  which  had 
previously  strongly  exhibited  itself.  But  it  is  with  this  as  with  the 
discovery  of  the  organ  of  hearing  in  Blatta  ;  we  cannot  reason  from  it, 
as  similar  structures  have  not  been  observed  in  other  insects,  and  pre* 
cisely  in  the  dung  beetles,  which  have  the  sense  so  acute,  the  forehead 
18  covered  with  a  homy  shield,  that  it  is  wholly  impossible  odours  should 
pass  through  it.  Indeed,  in  the  burying  beetles  {Necrophori),  which 
decidedly  possess  the  most  acute  smell  of  all  the  Coleoptera,  have  above 
the  mouth,  upon  the  clypeus,  a  triangular  yellow  somewhat  deep  spot^ 
having  the  appearance  of  a  membrane  stretched  over  it,  and  this 
might  be  considered  the  analogue  of  the  organ  of  smell  discovered  by 
Rosenthal ;  but,  upon  closer  inspection,  this  spot  appears  to  consist 
also  of  a  horny  material,  and  we  therefore  cannot  conceive  it  possible 

*  Annal.  du  Mas.  T.  xviii.  pp.  426—441. 

t  De  hhncM  et  uiu  Palporum  in  Ineectis.  Aboas,  1792.  J  &hclvcr,  p.  46. 

§  FUiVi  ArcliiT.  Vol.  x.  p.  427. 
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for  scents  to  pass  through  it.  This  difficulty  was  endeavoured  to  be 
obviated  by  imagining  that  they  passed  through  the  mucous  membrane 
of  the  mouth  to  that  smelling  membrane,  in  which  case  it  might  be 
common  to  all  insects,  but  which  is  not  the  case.  For  this  explanation 
of  it  appears  to  me  forced,  as  well  as  a  second  advanced  by  Treviranus*, 
who  wishes  to  persuade  us  that  the  entire  mucous  membrane  of  the 
mouth  is  the  organ  of  smell,  but  then  especially  ascribes  this  sense  to 
haustellate  insects. 

A  different  opinion  is  that  formerly  advanced  by  Baster,  Dumeril, 
and,  latterly,  by  Straus  Durkheim  f,  namely,  that  the  margins  of  the 
stigmata  are  smelling  organs.  We  have,  it  is  true,  in  favour  of  it,  the 
analogy  of  the  organ  of  smell  in  the  superior  animals  being  seated  at 
the  orifice  of  the  respiratory  organs,  but  that  is  absolutely  all.  The 
mucous  membrane,  the  nervous  rete,  and  the  nerves  of  smell,  are  all 
wanting,  or,  at  least,  are  not  shown  to  exist.  Perhaps,  however,  the 
tracheae  may  possibly  be  organs  of  smell,  if  not  at  their  aperture,  yet 
in  their  terminal  ramifications,  as  they  conduct  air  to  all  the  organs, 
and  particularly  likewise  to  the  brain.  Hence  would  follow  the 
deficiency  of  a  peculiar  organ  of  smell,  which,  however,  must  strike  as 
singular  when  we  reflect  upon  the  lower  situated  crab.  But  water 
organs  and  organs  of  humidity,  and  such  the  organ  of  smell  evidently 
is):,  for  it  is  only  with  a  moist  noee  that  we  can  smell,  more  easily 
attain  a  certain  degree  of  perfection  than  in  those  which  live  in  a  rarer 
medium.  I  will  merely  refer  to  the  difference  of  the  organs  of  smell 
in  water  and  land  birds,  as  well  as  to  the  observation  that  the  organs 
of  smell  in  birds  are  proportionably  less  perfect  than  in  the  amphibia 
and  fishes,  which  evidently  helps  to  confirm  the  law,  and  serves  to 
explain  the  deficiency  of  these  organs  in  insects.  Thus  insects,  ac- 
cording to  my  opinion,  would  smell  with  the  internal  superior  surficuse* 
if  I  may  so  call  it»  which  is  provided  all  over  with  ramifications  and 
nets  of  nerves,  since  this  is  always  retained  moist  by  the  blood  dis- 
tributed through  the  body  and  by  the  transpired  chyle,  the  same  as  is 
surmised  of  the  superior  mollusca,  namely,  the  Pulmobranchia  and 
Cephalopoda,  that  their  sense  of  smell  is  seated  in  their  exterior  inte- 
gument and  thus  in  a  universally  distributed  smelling  tunic. 

*  VcrmiKhte  Schriften.  Vol.  ii.  p.  146.  f  Considerations,  p.  421. 

X  The  whales  want  the  aoziUary  cavities  of  the  nose,  which  secrete  the  fluid,  because, 
living  in  water,  they  do  not  require  them.    See  Rudolphi  Physiol.  Vol.  ii.  PI.  1.,  p.  118. 


THB   ORGANS  OF   THE   SENSES.  299 

§197. 
The  tongae  is  always  the  organ  of  taste  where  present.  We  have 
seen  above  that  many  insects,  namely,  the  Orthoptera,  LUteUuim,  the 
majority  of  beetles,  many  Hymenopiera,  and,  indeed,  all  mandibalate 
insects,  possess  a  more  or  less  distinct  tongue ;  we  have  but  to  ask, 
may  we  consider  this  tongue  as  the  organ  of  taste  ? — Taste  can  be  of 
importanGe  only  to  such  animals  as  feed  upon  a  variety  of  substances 
and  masticate  them.  In  haustellate  insects  this  is  not  the  case ;  they 
always  subsist  upon  one  and  the  same  food,  and  generally  inhabit  what 
they  feed  on,  and  consequently  less  require  this  sense.  Indeed,  they 
are  whfdly  deficient  in  a  fleshy  tongue,  which  can  alone  taste,  and  when 
present  as  stiff  setae,  taste  cannot  be  spoken  of.  But  that  the  fleshy 
tflogue  which  we  find  in  the  LiheUuUs  and  grasshoppers  is  certainly  an 
organ  of  taste,  is  corroborated  by  its  delicate  and  soft  superior  surfieice, 
its  greater  abundance  of  nerves,  and,  lastly,  the  various  nature  of  their 
food,  which  is  visibly  slowly  masticated,  and  furnished  with  saliva 
from  the  mouths  of  the  ducts  of  the  glands  lying  beneath  the  tongue. 
To  these  we  may  add  the  wasps  and  bees,  which  suck  the  honey  of 
vuions  flowers  by  means  of  their  tongue,  which  is  provided  at  its  apex 
with  distinct  glandular  points,  that,  besides  the  business  of  ingestion, 
8er?e  doubtlessly  to  taste  and  distinguish  the  various  kinds  of  hcmey. 
This  may  also  doubtlessly  be  maintained  of  the  in  general  soft 
membranous  tongue  of  the  Staphylini,  Some  physiologists,  for 
example,  Rudolphi,  deny  the  sense  of  taste  to  insects ;  others  seat  it 
inthepa/pt,  where  it  certainly  does  not  belong;  and  others,  again* 
Straus,  for  instance,  discover  it  in  the  tongue,  where  it  is  doubtlessly 
to  be  sought,  and  frequently  sufficiently  distinctly  exhibited.  The 
abortion  of  the  tongue  in  many  mandibulate  insects  ought  not  to 
nirprise  us ;  its  cause,  as  well  as  the  abortion  of  the  oi^an  of  smell,  is 
the  preponderance  of  the  function  of  respiration,  as  the  tongue  is  like- 
wise a  humid  organ,  for,  in  insects,  every  organ,  by  reason  of  the 
universal  distribution  of  air  in  them,  has  a  tendency  to  become  dry  and 
horny.  In  this  they  again  find  their  parallelism  in  the  birds,  whose 
tcmgne  is  small,  imperfect,  almost  cartilaginous,  indeed  frequently 
(Ptewglossus)  perfectly  horny,  and  resembling  a  feather,  exactly 
like  the  tongue  of  many  beetles,  for  example,  the  Capricorns,  i^ 
the  internal  organs  of  which  there  is  a  strong  disposition  to  become 
hofrny. 
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§  198. 


Everybody  will  admit  that  insects^  more  than  many  other  animals^ 
require  a  peculiar  organ  of  touch,  from  their  being  encased  in  a  hard 
insensible  integument.  It  is  true  the  antennae  have  long  had  this  func- 
tion ascribed  to  them,  but  incorrectly ;  the  hard  homy  antennn  may 
possibly  well  detect  the  presence  of  objects,  but  certainly  arrive  at  no 
other  precise  perception,  for  this  requires  a  soft  organ  clothed  with  a 
very  delicate  covering.  Straus  Durkheim  *  therefore  justly  wcmders 
how  this  function  could  have  been  ascribed  to  the  anteniue ;  but  he 
astonishes  us  still  more  by  considering  the  still  harder  feet  as  o^ana  of 
touch.  By  far  the  majority  of  insects  have  hard,  horny,  perfectly 
closed  foot-joints,  and  the  few  which  are  furnished  with  setae,  feathers, 
or  pulvilli  at  their  plantie  or  apex  of  their  tarsi  do  not  use  them  as 
organs  of  touch,  but  merely  to  assist  in  climbing ;  indeed,  there  are 
some  genera  whose  feet  have  soft  fleshy  balls  {Xenos,  ThripSf  GryUus^ 
LocHild)y  but  these  instances  cannot  prove  it  throughout  an  entire 
class.  For  the  rest,  his  opinion  loses  still  more  probability,  when, 
instead  of  his  tarsal  joints  other  organs  can  be  shown  as  instruments 
of  touch.  These  organs  are  the  palpi,  already  indicated  by  their  name. 
If  we  inspect  the  palpi  of  the  larger  insects,  for  example,  of  the  pre- 
datory beetles,  the  grasshoppers,  humble-bees,  and  many  others,  we 
observe  at  its  apex  a  white,  transparent,  distended  bladder,  which,  after 
the  death  of  the  creature,  dries  into  a  concavity  seated  at  the  apex  of 
the  palpus.  This  bladder  is  the  true  organ  of  touch,  the  main  nerve  of 
tlie  maxillae  and  of  the  tongue  spreads  to  it,  and  distribates  itself  upon 
its  superior  surface  with  the  finest  branches.  Straus  f,  who  carefully 
observed  this  bladder,  explains  it  as  a  sense  of  a  peculiar  description, 
analogous  to  the  taste-smell  sense  (Geruchsgeschmachsnnn)  of  the 
Ruminantiay  discovered  by  Jacobson,  but  just  as  little  as  a  union  of  the 
senses  of  smell  and  taste  conditionates  the  presence  of  a  peculiar  sense 
may  we  explain  the  palpi  as  sensual  organs  of  a  peculiar  description :  they 
are,  whence  they  were  named,  namely,  purely  organs  of  touch.  The  defi- 
ciency of  palpi  in  haustellate  insects  may  be  objected  to  here ;  but  have 
not  these  in  their  long  proboscis  a  better  organ  of  touch,  and  do  not  we 
find  everywhere  in  nature  in  all  the  organs  an  evident  adaptation  to 

*  Considerations,  p.  425.  f  Ibid.,  p.  427. 
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their  object  ?  Where  the  palpi  are  the  sheaths  of  the  proboscis^  as  in 
the  Lepidopiera  and  Hemiptera,  they  could  no  longer  remain  true 
organs  of  touch  ;  and  where  they  have  grown  into  a  fleshy  probosddeal 
sheath^  as  in  the  flies,  this  sheath  is  the  organ  of  touch,  and  properly, 
also,  the  palpus  itself  is  considered  as  contained  in  it.  If,  however, 
living  insects  have  been  observed,  no  further  objection  will  be  taken  to 
the  exclusive  function  of  touch  exercised  by  the  palpi ;  who  still  doubts 
who  bas  observed  the  play  of  the  palpi  of  the  spiders  previous  to  copu- 
lation, or  seen  predatory  insects  fall  upon  an  unexpected  prey,  and 
feeling  it  upon  all  sides?  The  common,  well-known,  domestic  fly, 
lastly,  can  daily  convince  us,  when  we  perceive  it  moving  from  spot  to 
spot,  and  detect  every  drop  of  liquid  and  every  atom  of  sugar  with 
the  sheath  of  its  proboscis  formed  of  the  labial  palpi.  It  first  feels 
them,  and  then  ravenously  swallows  them ;  but  this  touch  is  never 
exercised  by  its  tarsi,  but  invariably  by  the  sheath  of  its  proboscis. 


THIRD  SECTION. 


PHYSIOLOGY, 


§199. 

Wb  have  now,  after  the  preceding  description  of  the  insect  body, 
both  external  and  internal,  arrived  at  the  point  whence  we  can  survey 
the  life  of  insects  in  one  large  representation,  and,  as  it  were,  overlook- 
ing form,  shall  only  endeavour  to  seize  their  spiritual  effects.  This  is, 
namely,  the  theme  of  Physiology,  to  exhibit  to  us  in  a  simple  but  well- 
ordered  description  all  the  phenomena  of  the  organic  world,  which  befits 
it  only  as  the  abstract  of  living  beings,  and  which  must  be  considered 
consequently  as  the  results  of  animation,  and  as  the  necessary  attendants 
of  life ;  and  as  general  physiology  undertakes  to  solve  this  problem  with 
reference  to  the  whole  of  animated  nature,  the  physiology  of  a  solitary 
group  can  be  expected  merely  to  occupy  itself  with  the  description  of 
the  vital  relations  of  this  group.  Such  a  group  is  formed  by  the  world 
of  insects,  and  the  task  of  our  physiology  found.  Here,  consequently, 
belongs  all  that  does  not  refer  to  the  description  of  form;  and  here 
belongs  also  every  phenomenon  which  individuals  or  numbers  of  insects 
have  betrayed  to  the  observer,  however  insignificant  and  unimportant  to 
the  illustration  of  the  whole  they  may  originally  appear  to  us  ;  and  it  is 
its  task  to  arrange  these  phenomena,  and  to  reduce  them  to  recognised 
laws,  and  where  this  will  not  succeed,  thence  to  prove  the  possible 
falsity  of  a  principle  adopted  as  true.  The  observation  of  insects  is 
therefore  the  foundation  of  their  physiology,  and  it  will  be  only  when 
all  the  various  phenomena  of  all  the  families,  genera,  and  species  shall 
be  fully  known  that  a  perfect  solution  may  be  expected  to /be  given  of 
the  problem  of  physiology ;  until  then  our  knowledge  will  be  but 
fragmentary.  But  the  difficulty  of  the  fulfilment  of  this  necessary 
requisition  is  evinced  by  the  number  of  years  that  have  already  passed 
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over  the  study  of  the  insect  world  without  more  than  one-hundredth 
of  our  native  insects  having  been  observed  throughout  all  the  conditions 
of  their  existence.  But  he  who  should  wonder  at  this  apparently  small 
amount  of  observation  will  at  least  admit  that  observation  is  one  of  the 
most  difficult  occupations^  and  that  to  accomplish  it  as  much  earnest- 
ness^ skill,  and  luck  are  required  as  patience^  leisure^  and  industry^ 
and  that  the  former  as  well  as  the  other  requisitions  are  not  found  every 
day  in  everybody.  We  justly^  therefore^  admire  and  venerate  men 
like  Reaumur,  De  Geer,  Swammerdamm,  Hoselj  Bonnet,  Huber, 
Lyonet,  Rengger,  Gams,  Treviranus,  &c.,  whose  multifarious  endea- 
vours and  labours  have  acquired  for  us  the  knowledge  which  may  be 
considered  as  forming  the  foundation  of  our  conclusions  and  future 
deductions. 

To  observation,  which  is  more  subject  to  casual  opportunity,  we  may 
append  bxperimbnt,  as  a  second  means  of  enlarging  the  compass  of 
physiological  knowledge.  Experiment  is  an  observation  produced 
forcibly,  and  consequently  not  so  fully  to  be  depended  upon  as  those 
derived  from  secretly  watching  nature ;  we  must  therefore  be  more 
cautious  in  experimenting,  for  nature  constrained  frequently  adopts  a 
form  and  figure  which  in  a  state  of  freedom  she  would  despise.  This 
is,  namely,  stiU  more  the  case  in  the  lower  animals,  from  their  possess- 
ing a  greater  power  of  adaptation  to  circumstances  than  the  higher 
ones ;  I  will  merely  refer  to  Trembley's  well-known  experiments  upon 
the  polypi,  as  well  as  to  Spallanzani's  history  of  the  reviviscence  of  the 
wheel  animal ;  which  last,  however,  according  to  Ehrenberg's  recent 
observations,  are  untrue.  This  has  been  also  the  case  in  insects  ;  for 
who  would  not  be  incredulous  upon  being  told  that  the  larvae  of  a  fly 
{Eristalis  tenax,  Meig.)  will  admit  of  being  pressed  in  a  book-binder's 
press  as  broad  and  thin  as  a  card  without  being  killed,  when  freed  from 
its  confinement  and  returned  to  its  usual  dwelling-place  ? 

§  200. 

Having  learnt  the  way  whereby  physiological  &ct8  may  be  acquired, 
we  must  look  for  a  method  according  to  which  these  facts  may  be 
appropriately  classed.  If  with  this  object  we  reflect  upon  all  the 
phenomena  relating  to  the  life  of  insects,  we  shall  find  a  portion  of 
them  refer  particularly  to  the  functions  of  the  body,  and  another  por- 
tion develope  higher,  and,  as  it  were,  intellectual  tendencies  in  insects. 
To  the  first  belong  those  observations  which  acquaint  us  with  their 
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genfiratloxi^  autrition»  motion,  and  sensation;  to  tlie  otimr  the  care  of 
the  paient  for  the  offsprings  the  constrnction  of  th^r  habital:ionsy  the 
various  loealities  of  various  groi^s^  and  the  thence  originating  geogra* 
phical  distribution,  and  lastly,  the  influenoe  insects  exercise  duiiiig 
their  lives  upon  nature  generally)  and  especially  upon  man^  and  which 
he,  as  if  nature  were  created  for  him  alone,  diadnguishee  as  the  henefits 
and  injuries  of  the  insect  world.  Each  of  these  main  divisions  haa  its 
several  subdivisions.  All  observationSi  consequently,  whiqh  belong  to 
somatic  physiology  can  refer  merely  to  the  functions,  of  tibe  organic 
system^  and  consequently  they  follow  in  the  order  of  these  four  aystems. 
The  subdivision  of  the  second,  or  psycholDgical  physiology,  4»r<thair 
psychology,  is  more  difficult,  but  a  portion  of  their  spiritual  phenoin^a 
may  be  more  or  less  accurately  arranged  according  to  these  ongSAic 
systemsj  and  to  which  may  be  appended,  lastly,  the  zesuli;  of'  (observer 
tions  upon  the  influence  of  insects  upon  nature  ^eneitiUy*  Tfais  vWlr 
presents  the  following  arrangement :-«  ; 

I.  Somatic  physiology* 

a.  Origin  and  propagation  of  insects* 

6.  Nutriment  and  development  of  iaseets.  ' 

c*  Motions  of  insects* 

d*  Sensual  phenomena. 

II.  Psycholi^cal  physiology,  or  p^chslogy.    ■    ' 

a.  Sexual  instinct. 

b.  Nutrimental  instinct. 

c.  Dwelling-place-— d^rees  of  warmth  and  cold — ^geognphie^ 

distribution. 

d.  Benefits  and  injuries  produced  to  man. 


■1- 


FIRST  SUBSECTION. 

SOMATIC    PHYSIOLOGY. 


§  201. 

Thb  path  pursued  by  somatic  physiology  in  the  development  of  its 
contents  is  the  same  as  that  followed  by  nature  in  the  development  of 
insects.     We  commence,  therefore,  with  the  first  appearance  of  the 
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insect  in  natare^  with  its  generation,  which  properly  precedes  its  exist- 
ence, in  fiact  producing  it.  If  the  generation  be  effective,  its  whole  subse- 
quent life  is  mere  development,  and  its  first  appearance  is  its  develop- 
ment in  the  egg.  In  the  egg  it  first  takes  an  independent  existence, 
and  it  requires  but  the  most  universal  agents  in  nature,  light,  air,  and 
warmth,  to  raise  its,  as  it  were,  preformed  individuality  to  its  perfect 
individuality,  and  thus  its  life  in  the  egg  characterises  the  first  act  of 
its  existence  as  an  insect.  When  the  embryo  period  is  closed,  the 
Iarva>  more  independent  than  before,  takes  its  place  in  nature.  Its 
whole  object  is  development,  and  this  it  attains  by  means  of  nutriment. 
Growth  is  the  consequence  of  its  then  excessive  voracity;  its  skin 
becomes  too  narrow,  it  strips  it  off,  and  acquires  a  new  one.  This 
moulting  it  repeats  several  times,  until  full  grown,  and  it  then  first 
feels  that  it  has,  as  it  were^  overfed  itself;  it  therefore  ceases,  fasts  some 
days,  again  moults*  and  in  a  tolerably  long  period  of  continual  sleep  it 
lives  upon  its  own  fat;  the  intestinal  canal  consequently  shrinks  up, 
and  at  its  expense  the  organs  of  generation  are  developed*  This  period 
may  be  compared  with  the  stage  of  puberty  in  man  and  animals. 
When,  however,  this  last  period  of  development  is  completed,  the  per.- 
fected  insect  makes  its  appearance  in  its  full  state  of  activity  with 
preponderating  irritable  and  sensible  organs.  Motion  and  sensation 
are  its  life,  propagation  its  end,  and  to  which  its  chief  spiritual  func-- 
tions  are  directed.  The  male  seeks  the  female  with  restless  fervour^  the 
latter  aUows  itself  to  be  founds  and  yields^  and  its  spiritual  life  then 
commences  in  its  care  about  the  depositing  its  ^gs,  in  the  structure  of 
its  nest,  and  its  anxiety  for  its  young*  The  males  do  not  at  all  par- 
ticipate in  these  occupations^  but  become,  as  in  the  bees,  turned  forth 
as  unprofitable  members  of  the  community* 

This  therefore  is  the  subject  of  our  inquiry  in  the  first  subsection ^ 
and  its  transit  to  the  second,  and  their  connexion  together  is  also  thus 
exposed. 


h<  t 
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FIRST  CHAPTER. 

OP    GENERATION. 


§  202. 


Under  generation,  in  its  broadest  sense,  is  understood  the  origin  of 
organic  beings.  The  full  application  of  the  principle,  that  ^*  from 
nothing  nothing  can  be  produced^"  is  here  exemplified;  a  foundation 
must  always  pre-exist  to  produce  a  new  organism*  If  this  foundation 
be  the  universally  distributed  organisable  matter  whence  absolutely 
lower  organisms  may  be  developed,  it  is  called  single  generatioa 
(generatio  in  aqualis),  or,  also^  equivocal  generation  (generatio  origin'^ 
aria  s.  cequivoca).  If,  however,  the  foundation  be  another  animated 
body  whence  tlie  new  individual  is  developed  through  the  active  agency 
of  the  old  one>  it  is  called  doable  generation  {generatio  aqualis),  or  pro- 
pagation (generatio  propagaiiva).  Propagation  may  be  also  of  several 
descriptions ;  for  either  a  portion  of  the  old  individual  is  separated, 
and  becomes  an  independent  being,  which  is  called  propagation  by 
shoots;  or  else  in  the  body  of  the  old  individual  the  conamencement  of 
a  new  one  is  developed,  which  gennen  having  attained  its  maturity 
quits  the  maternal  sphere,  and  thus  acquires  an  independent  existence, 
which  is  called  propagation  by  germens ;  or  lastly,  the  development  of 
this  germ  can  only  succeed  by  the  mother  receiving,  or  even  the  gierm  itself 
made  competent  to  it  by  the  intromission  of,  a  peculiar  exciting  fluids 
This  last  and  most  limited  mode  of  propagation  is  distinguished  by  the 
tbaracter  of  sexual,  and  the  active  individual  or  active  portion  ia  called 
niale,  and  that  upon  which  it  acta,  the  passive  part,  or  germ-formii^ 
individual,  the  female.  If  these  two  faculties  be  united  in  one  indivi- 
dual, it  is  then  called  hermaphrodite. 

These  several  relations  are  the  abstract  of  all  the  phenomena  cha- 
racterised by  the  name  of  generation  throughout  nature.  Indeed,  some 
exhibit  modifications  in  their  form,  but  they  remain  absolutely  the 
same :  for  example,  the  propagation  by  shoots,  when,  as  in  thelnfitsoria, 
it  presents  itself  as  a  separation  in  halves.  Here  the  stem  forms'  a 
shoot,  which  costs  it  the  half  of  its  substance,  whereas  in  the  usual  pro* 
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pagation  by  shoots  in  the  polypi,  bat  a  very  small  portion  separates 
fram  the  stem.  But  we  may  first  ask,  do  all  these  different  modes  of 
propegatioii  present  themselyes  in  insects?  or,  are  there  generalised 
obserrations  upon  the  origin  of  insects  which  exclude  the  one  or  the 
other  kind  of  propagation  ?  Are  these  observations  sufficient  to  deduce 
thence  a  general  law,  or  do  they  admit  of  extension  to  but  a  very  few 
linited  cases?  The  investigation  of  these  several  questions  will  con- 
stitnte  our  first  inquiry. 

§203. 

With  respect  to  observations  upon  the  equivocal  generation  of 
unecta,  we  possess  many  credible  authorities  which  confirm  it.  The 
bertknowir  phenomenon  of  this  description  is  the  Phthiriasis,  or  lousy 
disease,  in  which  a  particnlar  species  of  louse  (Pediculus  tahescentium. 
Ah.*)  oii^nates  upon  lihe  skin,  and  collects  in  great  numbers  at  par- 
ticular spots,  chiefly  upon  the  breast^  the  back,  and  the  neck,  between 
folds  of  tiie  skin,  making  the  din  uneven,  so  that  scale-shaped  lappets 
af  the  epidermis  peel  ofi^,  and  beneath  which  the  lice  conceal  them- 
»li«s.  We  find  in  ancient,  and  here  and  there  in  modem  authors, 
testhnonaes  of  their  spontaneous  origin,  the  true  cause  whereof  may 
eonmt  in  a  general  corruption  of  the  juices  in  old,  weak,  and  enervated 
objects.  Phoretima,  according  to  Herodotus,  and  Autiochus  £pi- 
phanes,  both  Herodians,  Sylla,  Alcmanus,  the  Emperor  Maximian,  the 
poet  Ennius,  the  philosophers  Pherecydes  and  Plato,  Philip  the  Second, 
and  the  poet  and  actor  Iffland,  are  said  to  have  died  of  it ;  and  very 
recendy,  at  Bonn,  at  the  clinical  school  there,  a  woman  of  seventy  was 
fomid  to  be  thus  diseased,  but  was  cured  by  the  rubbing-in  of  the  oil 
of  tarpentine.  Foumier  t  relates  another  instance  of  it  in  a  cleanly  lying- 
in  woman,  who  had  much  covered  her  head,  and  after  sufiering  head- 
^Ae  hr  a  fortnight,  which  totally  deprived  her  of  sleep  and  the  desire 
to  eat,  a  great  quantity  of  lice  were  found  to  have  originated  upon  her. 
A  very  simifar  case  was  observed  by  my  esteemed  tutor,  P.  Kruken- 
herg,  of  Halle,  in  a  young  girl,  who  had  received  a  wound  in  the  head, 
2nd  whidi  waa  communicated  verbally  to  me.  Also,  where  a  pre- 
tlispositlon  exists,  the  lice  appear  to  be  able  to  originate  in  the  internal 
<!3vitie8 ;  at  least,  Foumier  cites  an  observation  of  Marcheli's,  upon  a 

*  Alt.,  Dissertation  do  Phthiriasi.    Bonn.  1824,  fig.  4.     4to. 
f  Diet.  Medicale,  Art.  Phtliiriasii. 
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i^oxnan  who  frequently  suffered  from  the  menstrual  flux,  in  whom  the 
lice  appeared  in  multitudes  upon  the  skin,  and  indeed  came  out  at  h«r 
ears  and  anus,  after  she  had  combed  herself,  as  she  said,  with  a,  pro- 
liably,  dirty  comb ;  tliey  were  evacuated  at  the  anus  chiefly  after 
clysters,  which  were  applied  in  consequence  of  anxiety,  pain,  and  o^ic. 
As  in  all  these  cases  a  decided  transfer  of  lice  probably  did  not  take 
place,  although  in  the  last  the  patient  herself  surmised  it,  we  may 
equally  doubt  it  in  children,  the  majority  of  whom,  at  a  particular 
period  of  their  lives,  are  furnished  with  them.  We  know  many 
instances  in  which  head  lice  are  found  in  the  cleanly  children  of 
•pulent  parents  who  associated  merely  with  their  equals^  who  were 
likewise  kept  very  clean ;  and  it  appears  Chat,  as  in  childhood,  the 
general  constitution  of  the  body  favours  the  origin  of  lice,  the  same 
eflfect  is  produced  in  adults  by  uncleanliness.  In  Poland  and  Russia 
the  body  louse  (Pediculus  vestimenii,  Fab.)  is  so  common  that  the  lower 
classes  are  seldom  found  there  without  them ;  to  which  we  may  add, 
the  general  distribution  of  lice  among  warm*blooded  animals,  almost 
each  of  which  has  its  peculiar  louse,  indeed  many  harbour  several 
species  of  parasites,  which  approach  very  closely  to  the  true  lice.  But 
that  these  latter  may  be  with  facility  conveyed  from  one  individual  to 
another  is  likewise  certain,  and  it  is  thus  that  the  distribution  of  lice 
takes  place  in  many  young  animals  and  children ;  and  in  these  tbey 
increase  the  more  rapidly,  from  the  predisposition  already  existing  in 
young  and  juicy  bodies.  Whereas  the  true  Phthiriasia,  which  presumes  a 
very  morbid  state  of  the  juices,  is  not  co9tagious,  as  was  proved  by  the 
case  at  Bonn,  for  the  woman  hadj  for  a  fortnight  previously,  slept  in 
the  same  bed  with  her  iiuslmnd,  who  remained  perfectly  free  fnm  the 
lice.  But  the  body  louse,  which  is  rather  the  parasite  of  healthy  bat 
dirty  people,  may  be  conveyed  from  one  individual  to  another,  yet  with 
a  little  precaution  it  is  easily  removed.  This,  however,  is  not  the  case 
In  the  louse  of  the  PkthiriasiSf  for  in  some  of  the  preceding  cases  the 
greatest  cleanliness  eflPected  nothing,  new  lice  were  produced,  and  their 
propagation  did  not  cease  until  the  sufferer  dwindled  to  death. 

Whether  all  the  preceding  cases  were  absolutely  PhthiriasU  r^mtSm^ 
uncertain,  for  in  some  in  ieed  we  are  sure  that  it  was  not  lice,  but  Acari, 
wbich  were  the  destructive  ereatures*  Thus  Aristotle  *  relates  of 
Alcmanus  and  Pherecydes,  that  the  lice  were  formed  in  pustulous  8weU<- 

•  Hist.  Anim,  LIB.  v.  cap.  31- 
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iQl^j  oat  of  which  they  came  when  opened.  These  creatures  were 
doobtleaaly  no  lioe^  but  Acorin^a,  for  wherever  insects  hare  been  found 
IB  postnlea  or  vesidea  beneath  the  epidermis*  thejr  belonged  to  this 
family^  and  not  to  the  true  lice»  Many  instances  of  this  kind  ooGur> 
aad  are  generally  known,  at  least  to  physicians  ^  for  such  are  thereon 
^  the  itch  {Sarcoptis  9eabiei,  and  Acanu  exukeraru),  which  wte 
found  in  the  immature  pustules  of  that  disease,  and  which  will  produce 
it  in  healthy  individuals  when  placed  upon  them.  But  as  we  exclude 
the  Aeari  from  the  class  of  insects,  we  can  take  no  further  notice  of 
those  several  cases  nor  of  the  species  producing  them ;  we  consequently 
refer  t»  the  article  A^arina  and  Acarus  in  the  Allgem.  Encyolopedie 
of  Brscli  and  Gruber^  torn  i.,  which  are  written  by  Nitzsch,  doubt- 
lessly the  best  acquainted  of  anybody  with  parasitic  insects  and  the 
Ar^iChnidct, 

The  Aeari  stand  in  the  same  degree  of  relation  to  the  Arachnida 
that  the  lice  do  to  insects,  and  consequently  the  similar  mode  of  living 
of  both  families  will  not  strike  us  as  strange,  but  rather  demonstra*- 
tively ;  if  the  one  originate  spontaneously,  so  will  the  other :  of  the 
Aeari  it  is  certain,  and  consequently  also  of  the  lice,  even  although 
•direct  observations  are  wanting. 

But  we  may  ask^  Whence  originates  the  first  louse  in  Phtkiriasis  ? 
I>oe8  it  proceed  from  the  skin  as  a  deus  ex  machina  ?  or  are  certain 
jiafts  of  man  developed  to  insects  ?  or  are  they  formed  from  substances 
merely  deposited  upon  the  skin  ? 

With  respect  to  the  first  opinion,  it  admits  ndther  of  being  compre- 
hended nor  supported  by  argument,  and  must  therefore  be  wholly 
rejected.  For  the  transformation  of  lappets  of  the  skin  into  lice,  we 
Slight  cite  as  analogous  the  supposed  transformation  of  intestinal  flocks 
into  intestinal  worms;  but  these  have  at  least  vessels,  and  participate 
in  the  vitality  of  the  organism,  which,  in  the  dead  lappets  of  the  skin 
which  peel  off,  is  no  longer  the  case,  for  it  is  impossible  that  such 
should  be  transformed  to  living  beings  j  therefore  the  third  is  the  only 
tenable  (pinion,  and  this  we  adopt.  From  the  perspiration  which  accu- 
«Malates  chiefly  at  the  above-named  parts  of  the  body,  namely,  at  the  head, 
neck^  breast,  along  the  back,  beneath  the  arm-pits,  and  the  softer  parts, 
the  germs  of  new  organisms  are  developed  in  such  individuals  whose 
secretions  have  a  strong  tendency  to  corruption,  and  this  is  precisely 
-the  case  in  children  and.  diseased  individuals.     These  germs  can  pro- 
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dttoe  only  such  oig&nistns  tliat  arc  adapted  to  the  organ  upon  which 
the  genn  has  formed  itself.  For  the  skin  these  ase  paraaitic  iofleots^and 
oonsequentlj  only  suoh^  viz.  lice,  oan  be  produced ;  beneath  the  Am, 
however^  the  parasitic  arachnidas  (Acarin^^)  originate  jxedsely  in  the 
same  manner.  In  the  pustulee  of  the  itch  they  are  devdoped  walj  to  lang 
as  they  themaelTes  are  ionxangf  and  therefore  containing  lymph.  We 
jnay  therefore  consider  that  it  is  from  this  lymph  tfai^  thiar  germs  afe 
deiveleped ;  subsequently ,  however^  when  the  material  producing  ihegerm 
is  eofibausted,  the  lymph  itself  oorrupts,  and  becomes  pus.  PEedsdy 
the  same  takes  place  in  the  Endozoa^  Von  Bar  has  obeenred^his  deve* 
lopment  in  the  remarkable  Bueephabu,  and  it  is  as  good  as  proved  in 
many  otfievs ;  why  should  not  therefore  the  skin,  which  has  preeiadLy  the 
same  structure  as  the  mucous  membrane  of  the  intestinal  eaaal,  gwre 
rise  also  to  parasites  peculiar  to  it  ?  I  know  nothing  thatsatirfactorily 
opposes  the  adoption  of  it.  Equivocal  generation  oonseqaently  takes  pJace 
in  the  lowest  insects :  they  can  originate  firom  it»  and  do  so  frequently. 

§  204. 

The  second  kind  of  propagation^  that  by  shoots^  has  not  yet  been 
observed  in  insects ;  it  is  also  perfectly  contradictory  to  the  idea  of 
creatures  so  highly  organised  they  are.  Some  observatioBSy  however, 
seem  to  confirm  the  possible  development  of  insects  &om  germens  or 
^gs  laid  by  an  unimpregnated  female.  We  will  here  oommunioate 
these  instances. 

All  observations  hitherto  made  upon  this  subject  may  be  divided 
into  two  groups^  the  one  of  which  seems  to  prove  that  this  mode  of 
propsgation  constantly  and  regularly  takes  place  in  certain  genera,  and 
the  other  that  it  occurs  but  occasionally,  and  as  exceptions.  As  a 
regular  mode  of  propagation,  it  is  ascribed  to  the  Aphideif  or  plant  lice. 
These  produce  throughout  the  whole  summer  living  female  young  oiit^, 
which  again,  without  any  preceding  impregnation,  according  to  the  obser- 
vations of  De  Geer  and  Bonnet,  also  produce  living  female  young  ones. 
Tliis  spontaneous  development  is  repeated  to  the  tenth  generation,  and 
indeed  still  further,  if,  as  Kyb«  has  proved  by  experiment*  the  pbnt 
lice  with  the  plants  they  inhabit  be  removed  into  heated  rooms  to  pass 
the  winter.  Treated  thus,  Kyber  observed  a  colony  of  Aphis  Dianihi 
continue  to  propagate  for  four  years  without  the  single  impr^nation  of 
a  female  by  a  male,  but  they  continued  to  produce  young  ones  which 
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were  all  •£  the  femaie  sex  *.  But,  according  to  Bonnet  t  aad  De  Oeer, 
male  hidiyidiiBls  mpfeat  in  August,  npon  the  decrease  of  the  tempera* 
tore^  which  then  copttkie  with  the  females,  wheneupon  the  females  lay 
ei^from  which,  in  tke  ensuing  spring,' young  female  Aphides  ard 
braogbt  tetfaf  which  re-produce  femalie  individuals  until  the  autunin^ 
trithont  d»y  or  their  young  having  had  any  intercourse  with  the  other 
sex.  Bonnet  }  even  considered  that  the  eggs  of  the  females  was  but 
a  poMnstittated  dsvelofnnent  of  the  young  produced  by  oald>  and  tliis 
sappsntion  is .  ooofinned  by  Kyber's  observatioas,  wlio  £wnd  |hem 
serer  to  hf  e§g»  when  removed  %q  warmed  apartments* 

These  facts,  wbichi  after  the.  repeated  observations  and.  expedments 
o^Bonnety  De  jQeer,  Reantanr,and  Kyber>  may  be  considered  as  inoan* 
uweitiye,  perfectly  prove  thc^^  possibility  of  a  spontaneous  develop^ 
neat ;  at  least  the  opinion  of  tome  naturalists,  thi^  the  imptegna* 
tion  of  the  greet  giandmother  extends  to  the  tenth  generation,  is 
mucli  more  inxromprehenaible  than  the  other.  A  second  instance  is 
fumiahed,  according  to  former  general  assertion,  by  the  genus  Psyche, 
Latr.,  which  contains  the  cased  caterpillars.  Beaumur  §  was  probably 
the  fint  who  nnade  the  observation  that  the  female,  which  he  mistook 
for  a  caiCerpiUar,  because  it  was  apterous,  laid  e^s  without  a  nude 
having  been  near  ber^  Schiffermitller  subsequently  observed  the 
fttme  n,  aa  well  as  Pallas  %  who  described  the  species  upon  which  he 
made  his  ebserrationa  as  Phatana  xylopklherum.  Stimulated  pro* 
bably  by  these  communications,  Rossi  undertook  numerous  experiments 
upon  this  obeenre  mode  of  propagation  of  the  cased  caterpillars,  which, 
acoordiag  t0  Ochsenheipier  *%  '<  were  oondncted  with  the  greatest  caie>" 
aad  yet  prodoced  the  same  resalts.  Other  witnesses  were  found  in 
BeraouHi  ff^  ifhe^  among  other  instances  of  tbe  kind,  mentions  one  of 
acafledcat0rpBlBr>inKiiluierj:j:andSchrank§§.  Nevertheless  Zinken, 
gen.  Soauaer  Iws  ptovedi  by  a  long  series  of  observations,  that  in  tiMse, 

•  GtTmar''t  Mag.  <ler£ntoin.,  roLi.  part  ii.  p.  14.  t  Imectologio,  totn.  S. 

t  CoBtttBpUti^iitf  de  k  Niiiare,  torn.  i. 

i  IUn»ii«s sdiit  in  avo»  torn,  iiifwrt  u  p.  194. 

H  VerMivhniw  der  Schm«U  der  Wiener  Gegeod.    4to,  1766,  p.  288. 

S  Nora  Acta,  torn.  Ui.  (1767)  p.  430. 

**  Schmetterlinge  von  Earopa,  vol.  iii.  p.  178. 

ft  M^m.  de  r Acad.  Roy.  de  Berlin,  1772,  p.  24. 

t:  Nalurionehcr,  St.  Til.  (1780),  p.  171. 

H  Famu  Boica,  toI.  ii.  part  ii.  (1802),  pp.  94  and  97. 
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a&  lyeH  aa  in. all  the  other  genera  of  Z^epidt^era,  the  copulation  of 
the  sexes  and  the  impregnation  of  the  female  is  r^^uiarly  requittte  to 
the  development  of  the  ^gs,  but  that  it  probably  takes  place  whilst 
the  fully  developed  female  still  remains  in  the  case  spun  for  her  pupa ; 
at  lEeast  he  detected  the  escaped  females  in  this  situation,  and  saw  them 
placing  their  heads  and  sometimes  their  anus  at  the  aperture  of  the 
case. 

But  the  other  cases  here  and  there  observed  as  sporadical^  and  which 
consequently  belong  to  the  second  group,  are  not  thereby  contradicted. 
That  unimpregnated  individuals  lay  eggs  may  be  observed  in  the  females 
of  all  the  Bombycida,  if,  some  days  after  their  escape  from  the  pupa  caise, 
they  be  impaled  and  allowed  to  die  slowly.  The  females  of  the  Sphinges 
do  the  same,  but  never  the  butterflies,  according  to  Roesel's  observa- 
tions, nor  likewise  the  unimpregnated  females  of  the  Coleoptera,  as 
Suckow  remarks  *.  Among  the  other  orders  I  remember  to  have 
observed  only  some  Diptera,  partictdarly  the  TipukB^  to  lay  eggs  in 
the  convulsion  of  death;  for  example,  species  of  the  genera  Rhypkus, 
Mycetophila,  and  Tachydromia,  But  from  diese  ^gs  it  is  but  rarely 
that  young  are  disclosed,  and  indeed  only  from  some,  and  not  from  all 
that  are  laid.  The  earliest  instance  on  record  is  probably  that  related 
by  Albrecht  t>  i^^^rt  to  which  is  that  related  by  Pallas,  and  observed 
by  him  in  Euprepia  casta,  O.  (Bmnhyx  casta,  Fab.).  An  instance  is 
known  of  it  in  Gastrophaga  potaloriay  O.  Bernoulli  relates  several 
instances,  one  in  Gastrophaga  quercifoVta,  O.  (papUlon  paquet  de 
feuilUs  s^ches),  which  his  friend.  Professor  Basler,  had  seen.  He 
reared  the  caterpillar,  it  changed  into  a  pupa,  the  imago  came  forth, 
which  after  a  short  time  laid  eggs,  from  which  young  caterpillars  came. 
A  second  case  Bernoulli  himself  observed  in  Episema  caruleocephala, 
Tr.  Lastly,  L.  G,  Treviranus  %  lias  observed  the  same  spontaneous 
development  in  Sphinx  Ligustri,  Suckow  §,  in  Gastrophaga  Pint,  O., 
and  my  friend.  Dr.  Al.  V.  Nordmann,  recently  in  Smerinthus  PopuiL 
According  to  Lange  ||  and  Schirach  IT,  the  queen  bee  ^vill  sometimes  lay 
unfruitful  eggs  without  copulation  with  the  drone,  and  indeed  die  females 
produced  by  such  eg^s  will  again  lay  productive  eggs  without  having 

*  In  Heusiuger's  Zeitschr.,  f.  d.  Oig.  Pbys.  vol.  ii.  p.  264. 

t  MiBccU.  Aoad.  NaU  Cur.  an.  det  10.  D.  3.  oba.  11.  p.  96. 

t  Verm.  Schnft,  vol.  iv.  p.  106.  §  In  Hcuainger,  263. 

II  Cemcinniitugc  Arbeiten  dcr  Sacheis,  BicncugcsrUscb)  vol.  i.  port  i.  p.  39. 

f  lb.  p.  155. 


OF  •  6Btf  SBATION.  31 3 

dBpuiated.    Thim  tke  Aphig  has  ft  oompaaion  in  its  great  and  li%hly 
i^maiitaUe  fertilitf. 

§  205. 

In  the  same  way  as  a  spontaneous  generation  is  found  as  an  excep- 
tion  among  insects  do  we  find  imperfect  hermaphroditism  among  them. 
Perfect  hermaphrodites  among  animals  are  found  only  in  the  tape- 
worms^ the  Tremalodes,  many  AnnukUa  (for  example^  the  leech  4nd 
ei^h-worm)^  and  the.  majority  of  the  Mollusca.  They  possess  male 
and  female  organs^  but  never  impregnate  themselves  (perhaps  with  thq 
exception  of  the  tape-worms),  but  mutually*  In  insects^  on  the  conr 
traiy,  hermaphroditism  is  but  one-sided^  that  is  to  say  the  one^  gene* 
rally  left  side^  exhibits  female  forms  and  organs,  and  the  opposite  side 
male  organs.  J^mwg  the  numerous  in^li^xices  of  this  kind  the  majority*, 
indeed  almost  9II,  are. found  amongst  the  Lepidoptera,  and  thus  this 
order  displays  itself  a  second  time  as  that  which  has  the  greatest 
tendency  to  diverge  from  the  regular  sexuality  of  insects. 

The  earliest  observations  upon  this  subject  were  made  known  by 
Schaffer  in  a  separate  treatise  t-  It  was  an  hermaphrodite  LiparU 
(Uspar,  O;  the  right  side  of  which  was  male  and  the  left  female.  Then 
Scopoli  X  described  an  instance  in  Gastrophaga  Pint :  according  to  his 
account^  two  caterpillars  had  enclosed  themselves  in  one  cocoon,  and 
changed  into  one  pupa,  which  produced  an  hermaphrodite  imago,  of 
which  one  larger  side  was  female,  and  the  other,  smaller,  had  male 
wings  and  more  strongly  pectinated  antennae,  at  the  anus  there  were 
both  sexual  organs,  which  copulated,  after  which  the  female  side  laid 
eggs,  from  which  'young  caterpillars  proceeded.  Henceforward  com- 
munications of  this  kind  became  more  numerous.  £sper§  next 
described  an  hermaphrodite  Gastrophaga  Craicsgh  iz^  which  the  right 
sidi;  was  male  and  the  left  was  female;  then  Hettlinger  ||  a  similar  one  of 
Gastrophaga  Quercusj  Capieux  H  saw  an  hermaphrodite  of  Salurnia 

*  Consult  Rudolphi  liber  Zwitterbildung  in  the  Abhandlungen  der  IConigl.  Academie 
zQ  B«rllm    PhyskaltacheikktM,  1828,  p.  SO. 

^  Der  vonderiMTo  und  vioUeicbt  in  der  nstur  nocb  nie  erscbfenene  EoleBzwlUer. 
Regenab.     1761, 4to. 

$  Introductio  ad  Hist.  Nat.     Pmg,  1777,  8vo.  p.  416. 

$  Beobacbtungen  an  cinernencDtdeckten  Zwitterphalane  {Bombifx  Crafagi),  Erlangcn, 
1778,  4to.    SdimotterlingD,  vol.  iu.  p.  233.  PI.  XLY.  f.  1—6. 

I)  Rozier,  Obs.  4I0  Phys.,  torn.  xxvi.  p.  270.  , 

1  Naturforscbcr  St.  xii.  p.  72.  Pi.  II.  f.  6 
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Carpitti,  the  left  wing  and  antenna  of  which  was  male,  but  the  rig-ht, 
with  the  rest  of  the  body,  was  female ;  Ernst  ♦  a  reversed  one,  come- 
qaently  right  male  and  left  female  hermaphrodite  of  Sphinx  Canvohuli; 
Schrank  f  one  of  Vanessa  Ataianta,  in  which  all  the  parts  of  the 
right  side  were  smaller  than  those  of  the  left. 

After  the  preceding,  Ochsenheimer  sought  %  to  bring  under  one 
view  all  the  hermaphrodites  which  were  already  described^  or  niiich 
he  had  himself  seen,  and  partly  possetted  in  his  cabinet,  and  which  we 
shall  here  add,  with  the  addition  of  such  as  have  been  since  made 
known. 

He  divides  all  hermaphrodites  into  two  groups,  namely,  into  perfect, 
in  which  one  side  is  perfectly  female  and  the  other  male ;  and  into 
imperfect  ones,  where  the  habit  of  one  sex  prevails  throughont  the 
entire  insect,  and  the  forms  of  the  other  are  perceptible  in  solitary 
parts* 

A.  Perfect  Hermaphrodites. 

PapiUo  Polycaon,  Dixon,  Secretary  to  the  Linneean  Society,  sent 
an  hermaphrodite  to  MacLeay,  which  on  the  right  side  was  male,  and 
P.  Polycaon,  F.  and  the  left  female,  and  P.  LaodocuSy  F.  Thus  the 
identity  of  this  species  is  proved  §. 

Argynnis  Papkia,  Right  male,  left  female,  antennae  the  same,  the 
under  side  agreeing  with  both  sexes,  the  abdomen  having  on  the  right 
side  an  anal  tuft.     Ochs. 

LycfBfia  Alexis*  Antennie  alike,  wings  on  the  right  side  female, 
with  a  faint  blue  iridescence  within  the  inner  margin  of  the  posterior 
wings ;  left  side  male.  The  under  side  as  in  both  sexes^  abdomen 
female,  above  bluish.    Ochs. 

Lycasna  Adonis.  Left  male,  right  female,  male  wings  and  antennas 
larger,  palpi  also  dissimilar,  the  left  somewhat  larger.  The  abdomen 
on  the  right  side  thicker,  more  bellied,  the  left  dried  up,  bent  inwards 
upon  the  right  side,  distended  exteriorly.  In  the  Royal  Museum  at 
Berb'n. 

Vanessa  Ataianta*  Left  male,  right  female;  abdomen  chiefly 
female,  but  on  the  left  male  side  more  dried  up  (indicating  the  pre- 

«  PapiUons  d'Europe,  torn,  iil  p.  123.     PI.  CXXII.  n.  114. 

t  Fauna  Boica,  vol.  ii.  part  i.  p.  192. 

X  Naturgefichichto  dcr  SchnicttcrUngc  von  Europa,  toni.  iv.  p.  185,  &c. 

§  Trans,  of  the  LinnBDan  Soc,  torn.  xiv.  p.  584. 
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seace  of  tbe  irigkt  ovarium.  Described  by  Oennar,  and  caught  near 
Dieaden*. 

f^(Mcna  Amiiopa.  Rigbt  male,  left  female,  the  right  antennn  oon*- 
siderabljr  the  shortest ;  abdomen  as  in  the  preceding.  Bred  from  the 
caterpillar  at  Halle,  and  described  by  Germar  t. 

Dmkphiia  EuphorhuB,  0»  Left  male,  with  smaller  wiag^  right 
female ;  body  distinctly  divided  in  the  centre,  left  green,  ^  in  the 
male,  right  red^sh  ;  palpi  andl^  white ;  abdomen  female*  Desorftied 

Satmrnia  P^i*  Right  male,  left  female;  abdomen  more  elegant 
than  iQllie  femaloy  at  its  end,  theoKgana  of  both  sexes  qnite  perfect,  and 
distinctly  <^e  together*    Oohsenheimer. 

Smtumia  Carpinu  Left  mak,  right  female;  abdomen  feiyiale,  with 
mcidy  female  organs.  OchaeflAieimer.  Another  instance  in  the  Rojral 
Muaenm  at  Berlin:  smaller  than  usual,  right  antennas  and  wings 
female,  left  male ;  body  of  the  form  of  the  male,  but  coloured  like  the 
female ;  a  distinct  separation  not  observable.     Rudolphi,  as  above. 

Endrcmii  ff^r$icahra.  Right  male,  left  female ;  abdomen  female, 
Imt  iq^  At  right  side  coloured  as  in  the  male.    Ochs. 

lApatis  dupar*  Right  male,  left  female;  bade  with  a  distinct  central 
line  of  separation ;  abdomen  smaller  than  in  the  female,  but  with  female 
anal  tufts  and  male  organs*  Raddphi  Ochsenheimer  describes  a 
ucond  instance,  bnt  the  left  side  was  male,  the  right  female ;  abdomen 
smaller,  particularly  thinner  than  in  the  female,  with  large  anal  tufts. 

Hwrp^a  vinula,  O.  Right  male,  left  and  the  abdomen  female ;  both 
lexuai  organs.    Ochsenheimer. 

GastropKaga  querdfolia.  Left  male,  right  female ;  distinct  line  of 
separation  throughout  the  whole  body,  both  sexual  organs.  Upon  its 
mstmnical  inspection  an  ovarimn  was  found  upon  its  right  side,  the 
oviduct  of  which  opened  into  the  vasa  deferentia  about  two  indbes  before 
its  termiiiati<»i,  and  that  of  the  spermatheca,  which  hung  attached  to 
the  common  evacuating  duct  Upon  the  left  side  there  were  two  testes 
behind  each  other,  which  were  coimected  by  a  thin  vessel,  one  spermatic 
doct  passed  from  the  second  testicle,  and  immediately  received,  as  in 
all  tbe  LepidopUra,  the  spiral  vessel ;  further  beyond,  on  the  opposite 
Ride,  was  found  a  second  vessel,  which  opened  into  it,  probably  the 

•  Meckel**  Aichiv.  fur  PhyMologie,  1819,  lorn.  r.p.  365—8. 

f  Ibid.  X  Ahren*!  Fauna  Insect.  Europ.,  fate.  i.  Pi.  XX. 
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rudiineutal  sperm  duct  of  the  second  testicle>  and  the  sperm  duot  now 
distended  into  a  common  evacuating  duct^  to  which  the  spermathecs  of 
the  female  was  attached;  it  thence  passed  into  theaheath  of  the  paiiAb 
Rudolphi. 

Goitrophaga  mediccLginU.  Right  male,  left  female;  abdomen 
female,  but  more  compact*  The  separation  of  the  aexnal  organs  mxatAf 
indicated.    Rudolphi. 

Lucaiws  cervus*    Left  male,  right  female.     Klug.  *' 
Besides  this  remarkable  hermaphrodite  but  one  other  instenoe  of  it 
is  known  in  the  Coleopiera,  in  MeMonlha  vulgaris,  in.  ^icfa^  according 
to  Germar  f,  an  indiridnal  has  a  male  antenna  out  one  .dude  and  ^eamhi 
on  the  other. 

B.  Imperfect  Hermaphrodites. 

Melitcsa  Phashe.  Male :  the  right  antenna  and  the  wing  of  the 
same  side  larger,  but  agreeing  with  the  left  in  colour  and  marking* 
Germar. 

M*  Dydimus,  O.  Male :  the  left  exe>  the  left  palpus,  and  an- 
tenna smaller;  the  latter  annulated  with  white,  yeUow  at  the  apex, 
the  right  of  one  colour ;  wings  equals  male ;  abdomen  male,  but  some- 
what  thick,  the  left  sexual  fang  smaller.  Upon  its  dissection  the  male 
sexual  organs  were  found,  and  a  free  ovary  upon  the  left  side  united  to 
no  other  organ.     Klug.  %  and  Rudolphi. 

Pontia  Daplidice,  Female :  the  right  anterior  wing  male,  antennas 
and  palpi  equal,  sexual  organs  resembling  the  male.    Rudolphi. 

P.  cardamines.  Two  instances :  one  a  male,  whose  right  siiperior 
wing  has  female  markings ;  and  a  female  with  some  male  colours.  Ochs. 

Deilephila  galii,  O.  Female ;  left  antenna  and  palpus  smaller, 
but  agreeing  with  the  right  female  one  in  odour  and  markings. 
Germar. 

Saiumia  Carpini,  O.  Female:  antemue  male,  superior  wings 
formed  as  in  the  male,  but  coloured  as  in  the  female ;  posterior  wings 
iemale,  the  left  with  a  reddish  brown  spot.    Ochs. 

Lipari9  dispar^  O.  The  males  have  frequently  white  colours ;  but 
there  are  two  positive  instances,  1st,  a  male,  of  which  the  abdomen  and 
the  right  posterior  wing  is  female  ;  and  2nd^  an  individual  in  Mazzola's 
collection.    The  right  antenna  is  male,  the  left  female ;  the  abdomen 

*  Schriflen  <lor  Gesellicb  Naturf.  Frcuude  zu  Berlin. 
+  MeckcVs  Archiv.  voL  5.  p.  366.  J  In  Froricp**  Notizen,  vol.  x.  p.  183. 
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mrrolr^  but  more  femiiiuu*,  lof  a  yellow  grejr,  tvtth  dark  brown  ttml 
Pah;  superior  wings  wbitnb,  ea  each  side  dissimilarljr  mixed 'with 
brawn ;  the  Tight  posteridr  wing  cokrat«d  ehiefly  as  in  the  male^  the 
left  as  in  the  female.     Ochs. 

Gtutrophagn  quercus.  Two  individuals:  Ist,  body  and  anteiinie 
fencle,  as  well  as  the  left  wings,  the  right  male ;  2nd,  body  and  right 
side  female,  .the  left  male;  both  antennfe  brown,  and  peetinated. 
Ochsenh. 

Gaghwphagtt  eastr4nsis,  O.  Male,  bat  having  all  its  parts  tending 
to  the  female  Ibrm ;  right  a  female,  left  a  male  antenna,  also  on  th« 
left  side  distinet  flsmale  wings^  whereas  the  right  are  entirely  ntale,  otdi^ 
somewhat  larger  than  in  male  insects,  and  the  colours  brighter  than  in 
the  female.    In  the  Royal  Museum  at  Berlin.    Rudolphi. 

If  we  now  cast  a  critical  glance  at  these  instances  of  hermaphro- 
dite structure  we  shall  speedily  recognise  that  all  of  them  may  be  more 
oorrectly  brought  into  the  class  of  monstrosities.  True  natural  her- 
maphroditism exhibits  perfect  female  in  conjunction  with  perfect  male 
organs,  and  the  external  appearance  of  the  animal  is  neither  male  nor 
female,  but  an  intimate  mixture  of  both,  a  really  new  form.  But  this 
in  insects  is  never  the  case.  One  sex  here  is  developed  at  the  expense  of 
the  other,  and  the  more  equal  their  mutual  development,  the  more 
heterogeneous  is  the  appearance  of  the  individual  in  its  two  halves. 
The  perfectly  equal  development  of  both  sexual  organs  may  be  sup- 
posed only  in  those  cases  in  which  the  one  half  appears  entirely  male 
and  the  other  wholly  female  ;  in  all  other  instances  one  sex  will  pre- 
dominate, to  which  the  other  is  merely  associated.  This  was  the  cha- 
racter of  both  those  instances  which  were  subjected  to  anatomical 
inspection ;  both  were  properly  males,  which,  besides  their  testes,  pos- 
sessed an  ovary.  This  is  ,still  more  the  case  in  the  so-called  imperfect 
hermaphrodites,  for  in  them  the  preponderance  of  one  sex  is  evinced 
externally.  A  question  which  still  awaits  an  answer  is — which  side  is 
in  general  male,  the  right  or  the  left?  and  why  is  this  male,  and  the 
other  female  ?  That  we  may  answer  this  question  we  must  group  the 
observed  instances,  and  we  then  iind  that  in  by  far  the  majority  of  the 
tme  hermaphrodites  (in  fonrteen  of  the  cited  instances)  the  right  is 
male  and  the  left  female,  and  that  seldomer  farthe  right  side  is  found 
to  he  fiemales  and  the  left  male  (in  nine  instances).  Among  the  imper- 
fect hermaphrodites,  on  the  contrary,  the  majority  (six)  were  female, 
and  the  minority  (fire)  male  with  female  characters ;  we  may  here 
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remark,  that  the  preponderating  sex  takes  the  right  side,  and  that 
associated  to  it  the  left.  This  appears  to  harmonise  ^Wth  the  prefxm* 
deniting  plastic  nature  and  energy  of  the  right  side  in  general^  and  to 
proceed  from  the  same  fundamental  law. 

Another  question  is-^do  such  hermaphrodites  suffice  to  themselves  ? 
The  observation  of  Scopoli  speaks  in  favour  of  it,  bat  all  other,  and 
even  regular  hermaphrodite  organisms  speak  against  it.  The  her*- 
maphrodite  Mollusca  never  impregnate  themselves,  but  mutually ;  con* 
sequently,  how  should  imperfect  hermaphrodites  be  able  to  impn^ate 
themselves  ?  Even  this  self-impregnation  appears  to  be  mechanically 
impossible,  as  tlie  penis  and  the  vulva  are  enclosed  by  valve-shaped 
organs,  and  by  this  means  separated  firom  eadi  other.  If,  therefore, 
Scopoli's  pine  Bombyx  really  laid  e^s,  it  did  so  like  all  the  female 
Bombyces,  namely,  in  the  anguish  of  death ;  and  if  eaterpillars  were 
developed  from  these  eggs^  this  development  must  have  ooomred  as 
independently  as  the  abovementioned  instances  of  spontaaeoQs  deve- 
lopment, an  assertion  which  is  rendered  the  more  probable,  as  here,  by 
the  presence  of  the  male  organs  to  a  certain  extent,  a  subjective  ivfrnale* 
sexuality  already  existed. 

§  206. 

As  we  have  now  shown  that  the  several  kinds  of  generation,  except- 
ing the  sexual  by  means  of  separate  sexes,  are  irr^ular,  and  having 
proved  that  the  observed  instances  are  mere  exceptions,  it  remaina  for 
us  to  notice  this  last  mode  of  propagation,  as  that  which  is  regular  and 
gcneraL  We  may  therefore  adopt  that  all  insects  are  of  separate 
sexes,  and  that  they  require  the  intermixture  of  bojth  sexes  to  be 
fruitfuL  Experience  confirms  this  doctrine.  Indeed,  in  some  Aimiliea, 
as  in  the  bees  and  ants,  there  are  sexless  individuals,  which  can  operate 
neither  masculinely  nor  feminindy,  and  therefore  never  copuiate ;  but 
observation  proves  that  sach  individuals  are  merely  abortive  femakay 
and  that  ia  these  fiimilies  the  female  functions  are  divided  belweea. 
two  different  beii^,  the  one  of  which  copulates  and  lays  i^gs,  and  the 
other  attends  to  the  nurture  of  the  offspring.  If  we  therefore  msM* 
closely  investigate  sexual  generation  by  means  of  sepamted  seaes,  aa 
found  among  insects,  our  first  objeet  of  inquiry  will  be  the  difiarenoea 
of  both  sexes ;  which  is  succeeded  by  their  union  for  propagation  or 
copulation,  the  consequence' of  whidi  is  impregnation,  and  llienoe  fol- 
lows the  formation  of  the  egg  and  the  devdopmeitt  of  the  embryo.    A 


OF  OKNBRATtOX.  319 

few  diTarications  from  the  usual  coorae  will  be  appended^  aad  we  now 
prooeed  with  the  subject. 

With  respect  to  the  differences  of  the  sexes,  their  whole  cbaraeter 
may  be  thus  distinguished^  vix.^  that  the  male  dispkiys  itself  by  the 
preponderaaoe  of  evolution  and  th^  female  by  the  predominance  of 
involution.  Thia  difference  is  expressed  as  forcibly  throu^iont  the 
whole  ocMporeal  atructnre,  asin  the  individual  oi^ns,  so  that  in  general 
the  mere  view  of  an  individual  will  determine  its  sex ;  but  it  carries 
greater  oonviction  to  inspect  the  sexual  cngans,  the  differences  of  whidi 
we  have  fully  shown  above  (§  142  and  152).  Independent  of  this 
cbflracter  expressed  in  the  structure  of  the  entire  body^  we  find  in  many 
iiiaects,  particularly  those  of  the  male  sex,  peculiar  organs  restricted 
to  one  sex  only,  and  which  likewise  indicate  the  sexual  character. 
Whence  it  is  sometimes  difficult,  as  well  on  account  of  the  frequently 
vast  discrepancy  of  fiorra,  and  even  more  of  cdour,  and  chiefly  in  exotic 
insects,  which  we  have  not  observed  alive^  to  bring  together  the  sexes 
of  a  species,  and  recently  only,  since  the  vast  increase  of  species  has 
proved  the  neoesaity  of  their  reduction,  greater  attention  has  been  paid 
to  sexual  differences ;  and  von  Malinowsky  *  and  Klug  f  in  particular 
have  earned  well-merited  praise  for  separate  treatises  upon  this 
subject. 

If  we  more  closely  ]ns])ect  these  sexual  differences  in  the  several 
orders,  we  find,  to  be^n  with  the  Coieoplera,  the  above  mentioned 
characteristic  evenrwhero  expressed.  The  body  of  the  female  is  always 
thicker,  larger,  more  succinct,  frequently  more  convex ;  that  of  the 
male>  on  the  contrary,  more  slender,  smaller,  more  delicately  formed^ 
and  fomished  with  longer  limbs*  Besides  these  general  differences^  the 
several  femilies  exhibit  peculiar  characters.  In  all  male  Cicindelee, 
Cmrakodea,  Ihftici,  the  males  have  distended  anterior  tarsi.  The 
number  of  these  distended  joints  varies  in  the  several  families  and 
genera.  In  Cicindela  the  three  first  joints  only  of  the  anterior  legs 
ore  distended.  In  the  Carabodea  an  increasing  number  is  found  in 
the  distension  of  the  tarsi;  in  many  genera,  for  example,  Agra  and 
other  exotic  ones,  the  tarsi  of  all  the  six  legs  are  distended ;  in  others, 
for  example,  Harpalus  and  its  affinities,  the  tarsi  of  the  four  anterior 
ones;  in  others  again,  for  example,  Carabus  and  its  affinities,  as  well 

*  Neoe  Scbriften  dor  Hblliieh*  K«turf.  a«fteU«::i.  vol.f.   PI.  VI. 

f  Magaz.  Uer  Gesellnb.  Naturf.  Frtuticlc  zv  Berlin ,  W)l,  f.  65,  and  1806,  p.  46. 
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as  Amara^  the  Zabrodea,  Feronke,  and  many  others^  merely  those  of 
the  anterior  pair.  Each  of  these  groups  exhibit  new  differences* 
according  to  the  number  of  the  distended  tarsal  joints.  We  thus  find 
in  the  third  group,  in  which  the  anterior  legs  only  have  distended 
tarsi,  sometimes  four  distended  joints,  as  in  Elaphrusy  Blethiaa,  &c. ; 
sometimes  only  the  three  first,  as  in  ChUenius,  Amara^  Feraniay  &c. ; 
sometimes  the  two  first,  as  in  Patrobus  ;  and  lastly,  the  first  alone,  as 
in  Omopheraf  Latr.  In  addition  to  these  differences,  we  obsenre  in 
the  males  of  Harpalus,  the  Amarodea,  Poecili,  and  the  entire  genus 
Feronia,  a  brighter  reflection  upon  the  elytra ;  whereas  those  of  the 
female  are  duller,  sometimes  indeed,  for  example,  Ferania  (Ahax) 
tiriola,  almost  opaque.  The  same  character  is  also  found  in  the 
majority  of  the  water  beetles,  and  which  has  sometimes  occasioned,  as 
in  Hydroporus  parallelogrammM,  Ahr.,  the  separation  of  the  male 
and  female  as  two  species ;  for  Kunze  described  the  male  of  this  species, 
which  Ahrens  had  described  from  a  female  specimen  as  Hydroporus 
consobrinus  *•  The  same  is  the  case  with  Hydrop,  picipes,  Kunz.  t> 
and  Hydrop.  altemaus,  Ghrav. ;  the  former  is  the  male,  the  latter  the 
female,  as  specimens  taken  t»  copuld  prove.  The  differences  of  the 
structure  of  the  tarsi  is  tolerably  analogous  in  both  families ;  thus  the 
males  of  the  true  Dytici  (for  example,  D.  latissimus,  dimidiatus,  punc- 
tulatus,  &c.)  have  three  distended  tarsal  joints  on  the  anteriorly;  they 
are  also  distinguished  from  their  females  by  having  smooth  elytra, 
whereas  in  the  latter  sex  the  upper  half  is  in  general  deeply  furrowed ; 
in  Cybister  (Dytici  Roeselii,  Auctor.),  on  the  contrary,  the  first  pair 
only  has  distended  platter-shaped  joints,  and  the  female  has  no  fur- 
rows, but  merely  dull,  scratched  elytra.  In  Coh/mbetes  the  distended 
tarsal  joints  do  not  form,  as  in  the  two  other  instances,  a  round  patella 
beset  beneath  with  sucking  cups,  but  they  are  long  and  extended,  and 

*  Neiie  Scbrifl.  d.  Hallisch.  Naiuif.  Gesollsch,  toI.  ii.  part  !▼.  p.  61, 2.     We  maj  here 
f«mark,  en  pastanty  that  tho  folloiiriiig  it  the  tynonymy  of  tUt  qwdes : — 

HydroporuB  paraOelogrammtu.    Ahr.,  Not.  Act.  Nalens,  ^ol.  li.  fiu.  iu  p.  1 1 .  1 . 
^  Hffdr,  eontobrinuM,    Kunz.,  ib.  fiu.  iV.  p.  61.  2. 

Hffph^  nigrolineatui,    Schonh.  Syn.  Ins. 
$   Hffdr.  nigrolineatua,     Kunz.,  ib.  p.  61.  1. 

Hffph.  paralleloprammus.    Oyll.,In8.  Sues.,  torn.  it.  p.  389;  i.3 — U. 

Hyph,  nigrolineatut*     Gyll.  Ins.  Sues.,  torn.  iii.  add.  p.  688. 

Dyticut  Hneatus,    Marah.,  Entom.  Britt.  i.  426.  35. 
t  Ibid,  61.  2. 
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more  resemble  the  feet  of  the  darahodea  ;  it  is  the  same  in  the  Oth€t 
genera,  with  the  exception  of  Cnemidotus,  the  anterior  tarsi  of  the 
male  of  which  are  not  at  all  distended.     In  the  predaceous  beetles,  or 
Slaphylint,  the  distended  feet  are  found  only  in  6ne  sex,  yet  iii  othelr 
instances  the  female  also,  as  in  Aleocharoy  has  very  broad' feet.    In 
many  of  the  Stent  aMo  some  of  them  only  are  distended.    To  tbese  may 
be  added  other  sexual  differences,  viz.,  an  arched  excision  at  the  ventral 
plate  of  the  last  abdominal  segment  in  the  male,  which  is  shown  very 
distinctly  in  Staph,  laminatus,  '  The  male  of  Staph,  hirtus,  on  the 
contrary,  has,  according  to  MaHnowsky,  a  strong  shovel-shaped  a]f- 
pendage  at  its  thigh,  which  runs  almost  parallel  with  it.     In  Taeh^-^ 
pomx  rujtpes  the  excision  of  the  ventral  plate  is  so  deep  that  it  has 
the  appearance  g(  being  bilobate,  and  in  Lathrohium  that  plate  is 
thereby  formed  into  a  central  carina,  which  is  continued  also  in  the 
preceding  ones.'  Simil&i'  excisions  are  said  to  be  found  also  in  the 
males  of  the  genus  Stenus.     The  Pettodea  exhibit  but  slight  sexual 
ditferen^;   in  Silpha  four  joints  of  the  four  anterior  tarsi  are  dis^ 
tended ;  in  Necrophorus  the  same  joints,  but  only  the  anterior  pair. 
Among  the  Derme.stodea  the  male  of  Dermestes  exhibits  small  hairy 
warts  upon  the  ventral  plates  of  the  last  abdominal  segments;  in  Aita^ 
^enuy  and  Megatoma  the  last  palpal  joint  of  the  male  is  long,  thin,  and 
conical,  in  the  female  smaller,  thicker,  shorter,  and  ovate.     In  the  large 
timily  of  the  Lam^llicomia  sexual  differences  are  very  numerous,  but 
all  confirm  the  above  law  of  the  predominating  evolution  of  the  male, 
llius,  for  example,  the  male  Lucani  have  long  mandibles,  resembling 
the  antlers  of  stags,  and  much  longer  anterior  legs,  a  larger  head  sur- 
TDunded  by  ridges,  but  a  proportionately  shorter  body.     In  Geotrupes, 
J^attes^  Orydes,  and  some  true  ScarabcBi  (for  example,  TypiuBusi)', 
tlie  males  have  large  projecting  homs^  which  proceed  from  the  clypeus 
»nd  pronotum,  and  which  are  but  slightly  indicated  in  the  female ;  the 
same  is  exhibited  in  the  scatophagous  genera  Copris,  Phananis,  Ontho' 
phagtu,  and  besides  the  males  of  PhancBus  and  Ateuchus  want  the  ante- 
rior tarsi,  instead  of  which  they  have  a  short  hook,  that  retains  the 
female  during  copulation.     In  Cetonia  the  females  have  convex  ventral 
plates ;  the  males,  on  the  contrary,  excised  ones,  and  which  are  pro- 
^ded  in  the  centre  with  a  longitudinal  impression.    The  Melolon^ 
thodea  exhibit  sexual  differences  in  their  antennae:    in  Mehhntha 
Itself  the  lamellae  of  the  male  are  more  numerous,  and  longer,  and  in 
the  female  shorter,  and  fewer.     In  Rutela,  Haplia,  and  Anisoplia 
">«  males  have  longer  tarsi  and  stronger  claws ;  in  Melohntha  longi- 
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mana,  Fab.>  the  male  has  immensely  long  anterior  legs^  in  the  more 
robust  female  they  are  at  least  one-third  shorter.  In  the  genus  Goliath 
the  clypeus  of  the  male  projects  beyond  the  mouth  in  two  bent  pro- 
cesses, which  are  wanting  in  the  female.  The  male  Apkodii  have  also 
small  pointed  teeth  upon  their  vertex,  which  are  merely  indicated  in 
the  female^  and  among  their  affinities  the  Palpicomia,  the  male  Hydro- 
philus  displays  the  last  joints  of  its  anterior  tarsus  distended  interiorly 
into  a  triangular  lobe.  In  Buprestis  the  male  has  again  an  arched 
excision  in  its  last  ventral  plate ;  in  the  Elaiers  the  more  slender  males 
have  longer^  strongly  pectinated  antennse,  particularly  the  genus  Cle- 
ntcera,  Latr.  Similar  differences  are  exhibited  by  many  Cantharidei 
{Telephori,  Latr.),  Anobia,  as  well  as  the  genera  Piilinus  and  DoT" 
catoma;  and  very  decided  differences  are  exhibited  in  the  male 
winged  Lampyri,  the  remarkable  genus  Symhius*,  and  some  others  (for 
example,  Drilus),  whose  females  have  no  wings.  But  the  predomi- 
nating evolution  of  the  males  is  most  distinctly  displayed  in  the  Capri- 
corns,  in  which  the  constantly  more  slender  males  have  much  longer^ 
frequently  double  as  long,  antennie,  which  in  the  genera  Sieno- 
chorus  and  Trachyderes  have  one  joint  more,  viz.,  twelve  joints, 
whereas  the  female  has  but  eleven.  In  Psygmatocerus,  Perty,  {Phce- 
nicocerus,  Latr.},  the  male  has  fan-shaped  antennae,  whereas  those  of 
the  female  are  simple  and  filiform.  Among  the  CurcuUos  the  males 
have  frequently  longer  snouts  and  antennae,  as  in  Anthribus,  Brenius, 
and  Balanittus. 

This  law  receives  further  confirmation  in  the  other  orders  besides 
the  Coleoptera,  for  example,  in  the  Hymenoptera,  In  Pteronus,  Jur. 
(Lophyrusi  Latr.)  the  male  has  doubly  pectinated  antennie,  which  in 
the  female  are  serrate  only  upon  one  side.  In  the  Ichneumons  the 
antennse  of  the  males  are  longer,  finer,  and  porrect,  those  of  the  female 
shorter,  thicker,  and,  after  death,  spirally  convoluted ;  in  many  species 
also  they  have  a  white  ring,  whereas  those  of  the  male  are  uniformly 
black  or  brown.  In  all  the  aculeate  Hymenoptera  the  male  has 
thirteen  joints  to  the  antennae,  the  female  but  twelve,  and  the  former 
also  seven  abdominal  segments,  and  the  female  but  six.  Besides  whidi 
we  find  another  important  circumstance,  namely,  the  deficiency  of  wings 
in  the  female,  whereas  the  males  are  winged,  for  example,  in  Tengyra, 
Latr.,  the  female  of  which  is  the  apterous  Methoca  ;  the  same  is  the 
case  in  Myrmosa  and  MutiUa.    We  find  a  similar  difference  in  many 

•  Sundcval  in  Oken's  his,  1830.     No.  12. 
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Lepidopteroy  for  instance^  in  some  of  the  Geometers  (brumata^ 
namely,  and  many  others);  and  in  the  genus  Psyche,  Latr.  The 
males  of  the  Bombyces  and  Geometers  have  doubly  pectinated  antennn, 
whereas  those  of  the  female  are  much  less  strongly  so,  or  merely  simple 
and  setiform.  The  male  Sphinges  hare  longer  narrower  wings  and 
thinner  bodies,  the  females  have  shorter  broader  wings  and  thicker 
bodies. 

Among  the  Orthoptera^  in  Blatta  also  we  detect  a  deficiency  of  wings 
in  the  female,  exdnsive  of  which,  in  this  order,  the  females  are  readily 
distinguished  by  their  projecting  ovipositor,  and  many  males  have 
differently  formed  wings,  for  example,  the  Locusta,  in  which,  at  the 
base  of  the  wing,  there  is  a  dear  hyaline  spot,  which  has  been  considered 
as  the  vocal  organ. 

The  Dictyotoptera  and  Neuroptera  exhibit  in  general  no  other  differ- 
ences but  those  derived  fran  the  sexual  organs,  in  the  LibeUulof,  only, 
the  males  have  stronger  and  laiger  anal  fangs  than  the  females ;  besides 
which,  in  the  genus  Agrion,  the  sexes  differ  considerably  in  colour, 
the  brighter  colours  are  peculiar  to  the  males,  and  the  darker  bronzy 
ones  to  the  females.  In  Boreus,  Latr.,  a  genus  very  nearly  related  to 
Panorpa,  to  which  the  Panorpa  hiemalis,  Lin.,  (Gryllus proboscideus, 
Pz.  Faun.  Germ.  XXII.  18.)  belongs,  the  male  has  small  hook- 
shaped  wings,  but  the  female,  which  is  furnished  with  an  ovipositor, 
is  apterous. 

The  sexual  differences  of  the  Diptera  correspond  in  many  instances 
with  those  of  the  preceding  orders.  In  the  Culkes  the  males  have 
long,  very  hairjr,  plumose  antennae,  and  sometimes,  as  kx  Culex  and 
Afwpheles,  very  long,  clavate  palpi,  of  the  same  length  as  the  probosds. 
Among  the  Tipults  the  genera  Erioptera  and  Ctenophora  exhibit  in 
the  male  strongly  pectinated  ramose  antennae,  and  much  longer  and 
more  delicate  legs  than  the  females.  In  Nematocera,  Mdg.,  {Hexa- 
tama,  Latr.)  the  male  antenna  are  twice  as  long  as  the  female.  Among 
the  Syrphodea  the  larger  approximate  eyes  form  a  distinct  male  cha- 
racter ;  and  in  some  instances  they  have  also,  as  in  Xylota  and  Heh' 
philus,  thicker  posterior  femorae  than  the  female,  a  character  peculiar 
alao  to  some  male  Empis.  Occasionally  also,  as  in  the  genera  Hilara 
and  Ikdichopus,  the  males  have  distended  tarsi  upon  either  thdr 
anterior  or  intermediate  l^s. 

The  ffemipteray  lastly,  exhibit  striking  and  sometimes  peculiar 
sexual  differences,  among  which  the  most  remarkable  is  the  vocal  organ 

Y  2 
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of  the  male  Cicada  ( Tettigonia,  Fab.).  In  other  genera  the  male  is 
horned^  and  the  female  is  either  wholly  unarmed,  or  its  horns  are  at 
least  much  smaller.  But  the  most  striking  is  the  sexual  difference  in 
Coccus.  In  this  genus  the  female  has  the  appearance  of  either  a  thick 
conical  or  flat  scale-shaped  spot,  upon  which  no  external  organs  are 
perceived,  or  at  most  but  the  short  stumps  of  feet  upon  the  ventral 
side.  The  males,  on  the  contrary,  are  winged ;  they  have  long  dis- 
tinct antennae  and  visible  legs,  but  their  body  is  much  smaller  than 
that  of  the  female,  and  in  some  cases,  as  in  Coccus  Adonidis,  it  is 
scarcely  from  the  fourth  to  the  eighth  part  of  the  size  of  that  of  the 
female.  The  females,  from  the  abortion  of  their  limbs,  have  scarcely 
any  motion,  whereas  the  males  are  exceedingly  active,  and  conse- 
quently less  frequently  observed. 

The  differences  of  colour  in  the  two  sexes  are  in  harmony  also  with, 
and  corroborate  the  assertion  of  the  predominant  evolution  and  involu- 
tion. The  males  have  brighter,  more  beautiful,  and  glittering  colours, 
whereas  those  of  the  females  are  darker,  duller^  and  paler ;  or  when  the 
colours  of  the  female  are  brighter  than  those  of  the  male,  for  example, 
in  the  crepuscular  moths  and  NocIwb,  at  least  the  markings  of  the 
males  are  much  more  distinct,  sharper,  and  clearer.  Among  the  Cole^ 
opteray  Harpalus,  Jmara,  and  Feronia  confirm  these  observations.  Other 
instances  are  shown  in  Tillus  elongaius,  the  prothorax  of  which  is  red, 
whereas  the  female,  or  Tillus  ambulans.  Fab.,  is  entirely  black.  Some 
Hymenoptera  however  form  an  exception  to  this  rule,  for  example,  the 
genus  Lophyrus,  to  whose  black  males  we  find  associated  vari^ated  red 
and  brown  or  yellow  and  black  spotted  females  ;  just  so  in  the  genera 
Tengyra  and  Myrmosa,  their  males  are  uniformly  black  and  the 
females  partially  red.  Also  in  the  Scolia,  the  females  have  generally 
brighter  markings  than  the  males,  for  example,  ScoUa  hortorumy  in 
which  the  head  of  the  female  is  of  a  reddish  yellow ;  Fabricius  conse- 
quently considered  it  a  distinct  species,  and  called  it  Scfiavifrons. 
In  Tiphiajemorata  also  the  male  is  entirely  black,  whereas  the  female 
has  red  posterior  femorae.  But  among  the  butterflies  this  law  receives 
full  confirmation.  Many  exotic  exceedingly  splendidly  marked  males 
have  dirty-coloured  insignificant  females,  for  example,  the  beautiful 
Papilio  Priamus^  the  female  of  which  is  Pap.  Pantkous;  as  also  Pap» 
Helena  is  the  male  and  Pap.  Amphimedon  the  female  of  one  species  ; 
the  same  as  Pap.  Amphrisius  is  the  male,  and  Pap.  Astenous  the  female. 
The  Pap,  Erechtheus  male,  and  Pap,  Mgeus  female,  described  bjr 
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Donovan^  may  be  one  species.  In  all  these  instances  the  male  is  darker 
coloured  and  more  brightly  marked,  whereas  the  markings  of  the  female 
jure  dirty  and  confused.  In  the  extensive  genus  of  blues  {Lycance)  the 
upper  side  of  the  males  are  almost  all  of  a  beautiful  sky-blue^  and  the 
females  brown ;  or  the  former  lure  bright  yellow-brown  and  the  latter 
of  a  dark  brown.  In  the  large  Bombyces,  in  the  genus  Attacus,  for 
example,  the  markings  of  the  male  are  much  more  decided,  brighter, 
and  distinct,  whereas  the  colour  and  markings  of  the  fe  males  are  con- 
fluent. The  same  is  the  case  in  the  Geometers.  In  the  other  orders 
we  find  a  similar  relation,  particularly  in  the  above  mentioned  Coccus, 
in  which  the  small  males  have  frequently  beautiful  markings  upon  their 
wings,  whereas  the  females  are  uniformly  brown-grey,  or  at  least 
always  darker.  In  all  these  sexual  differences  insects  are  paralleled  by 
the  birds.  We  here  also  in  general  find  larger  females,  but  the  males 
are  invariably  more  beautifully  marked,  have  longer  wings,  longer 
crests,  and  spurs,  which  are  wanting  in  the  female.  This,  conse- 
quently, still  further  confirms  the  analogies  of  both  classes  pointed  out 

above. 

§207. 

The  act  which  precedes  impr^nation,  and  consists  in  the  sexual 
union,  is  called  copulation  (copula).  We  shall  consider  it  in  the  order 
of  its  time,  place,  duration,  and  particular  relations. 

As  insects  are  preeminently  animals  of  light,  consequently  the  most  im- 
portant occupation  of  their  lives  (namely,  copulation,)  takes  place  in  the 
light,  that  is,  by  day.  This  we  find  confirmed  in  all  true  diurnal  insects. 
The  butterflies  copulate  about  noon,  in  the  brightest  sunshine.  When 
the  female  has  placed  itself  upon  a  flower  or  a  leaf  the  male  flies  to  her 
and  flutters  around  her  in  a  caressing  manner ;  if  agreeable  to  his  caresses 
she  indicates  it  by  a  gentle  pulsation  of  her  wings,  and  raising  her 
abdomen  upwards  the  male  flies  down,  and  copulation  ensues.  The  com- 
mon domestic  fly  copulates  constantly  in  windows  in  the  sun,  the  male 
ascending  the  body  of  the  female,  and  instantly  quitting  it  each  flies  ofiT, 
resuming  its  preceding  business.  Bees,  which  live  solitarily  and  in  pairs, 
are  frequentlyfound  copulating  upon  flowers  which  the  female  has  visited 
in  her  industrious  and  laborious  pursuit,  and  even  without  any  cessation 
of  her  labours,  and  just  as  speedily  as  each  accomplishes  its  amorous 
desircH  does  their  love  cease;  they  then  avoid  each  other  as  before,  and 
the  female  continues,  but  perhaps  more  zealously,  her  preceding  occu- 
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pations.  But  females  are  not  always  so  agreeable ;  many  violently 
resist  and  maintain  their  independence  in  a  severe  contest,  in  which  in 
general  the  males  are  subdued.  The  Asili,  which  alight  upon  leaves 
and  the  glowing  sand  to  sun  themselves,  are  frequently  disturbed  from 
this  tranquillity  by  the  arduous  male^  but  they  do  not  generally  yield, 
for  they  defend  their  innocence  as  valiantly  as  successfully.  The 
Libellula  also  do  not  copulate  flying,  but  sitting  (§  152)  ;  the  male,  in 
these,  attacks  the  reposing  female,  who  yields  not  until  the  sexual 
instinct  is  fully  developed,  previously  to  which  she  takes  wing  and 
escapes;  but  their  union  in  flight,  on  the  contrary,  although  indeed 
an  expression  of  love,  and  reciprocal,  is  certainly  no  copulation. 

Other  insects,  which  are  more  truly  crepuscular  and  nocturnal, 
copulate  merely  at  those  times.  The  Bomhyces  sit  immoveably 
during  the  whole  day,  and  during  even  the  brightest  sunshine  they 
do  not  yield  to  the  developed  sexual  impulse.  The  males,  however, 
are  more  impetuous ;  they  swarm  about  the  female  even  at  improper 
times ;  for  example,  Liparis  dispar,  at  noon,  and  when  the  sun  is 
hottest,  but  yet  without  finding  her  propitious  to  their  suit.  But  so 
soon  as  evening  approaches,  the  female  also  arouses  from  her  slumber, 
.  and  twilight,  which  increases  the  susceptibility  of  all  sensible  beings, 
acts  likewise  influentially  upon  the  Noctuce  and  crepuscular  moths. 
They  are  now  urgent  in  their  endeavours  to  approach  the  female,  who 
does  not,  however,  play  the  prude,  but  is  regardful  of  the  favourite, 
and  yields  to  his  solicitation.  But,  at  this  period,  they  are  entirely 
absorbed  in  each  other;  all  activity  and  motion  cease  during  copulation. 
They  sit  apparently  lifeless  beside  each  other,  with  withdrawn  antennie, 
and  limbs  solely  occupied  with  the  business  in  hand,  which,  at  least 
for  the  male,  is  the  last  he  will  pursue:  they,  therefore,  enjoy  it  as  long 
as  possible ;  indeed,  the  latter  frequently  fedls  down  lifeless  when  the 
female  frees  herself  from  him.  This  phenomenon  can  be  observed  daily, 
during  the  summer,  in  the  common  Liparis  dispar,  Salicis,  and  in  others 
o£  ihe  Bombyces.  Towards  evening  their  connexion  commences,  and 
it  is  still  continued  on  the  following  morning,  but  it  is  not  rarely  that 
the  male  is  already  dead,  or,  at  least,  so  exhausted,  that  it  may  be  more 
classed  with  the  dead  than  with  the  living. 

The  CoUoptera  also  appear  to  copulate  more  towards  evening.  This 
is  well  known  in  the  cockchafer,  which  only  about  dusk  acquires  its 
full  vivacity.  The  same  is  the  case  with  the  dung  beetle  and  stag 
beetle.    We,  indeed,  frequently  find  them  thus  occupied  during  the 
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dij,  bot^  in  genaral,  it  oommences  in  the  evening.  Some,  as,  for  ex- 
ample, the  Carahodea,  we  seldom  detect  in  this  situation,  whence  I 
conclude,  that  they  copnlate  in  the  evening,  and  that  it  is  speedily  over : 
some  are  certainly  nocturnal  animals^  for  example,  Calosoma  sycophanta 
and  the  large  Procerus  tcabrosus. 

The  place  they  select  for  the  purpose  also  greatly  varies,  but  the 
majority  seem  to  prefer  the  air.  to  their  other  usual  places  of  resort. 
Some  ovulate  in  flight,  as  the  gnats.  Ephemera,  and  ants ;  others  select 
the  moment  that  the  female  reposes :  they  then  approach  her,  and  fly 
off  in  connexion  with  her,  and  generally  borne  by  her.  Thus  is  it  with 
Sareaphaga  camaria  and  the  majority  of  the  Dipiera,  Whereas, 
tome  Hymenoptera,  whose  females  are  apterous,  Methoca  and  Myrmosa, 
for  example,  carry  their  females  with  them,  and  copulate  in  flight. 
Others,  as  the  butterflies,  copulate  sitting,  but  separate  immediately 
aiterwardii.  The  water-beetles  unite  themselves  in  the  water,  at  least, 
indiyiduals  are  found  there  thus  circumstanced;  and  it  appears  to  me 
not  improbable  that  the  males  are,  on  this  account,  furnished  with  a 
perfect  seizing  apparatus>  from  a  casual  separation  being  so  easy  in  that 
medium.  The  queen  bee,  which  constantly  stops  in  her  hive,  quits  it 
at  this  period,  that  she  may  have  connexion  with  the  male  outside,  and, 
probably,  in  flight ;  the  same  is  the  case  with  the  ants,  who  copulate 
whilst  the  males  and  females  rise  and  fall  in  large  columns,  intermixed 
together,  which,  at  a  distance,  appear  like  ascending  smoke.  We  see 
them  quit  their  dwellings  in  large  troops  for  this  purpose  ;  they  then 
dimb  to  the  top  of  the  nearest  plants,  thence  to  take  their  amorous 
aerial  expedition.  The  females  of  the  Termites  likewise  quit  their  dwell- 
ings, at  the  time  of  copulation,  to  be  impregnated  by  the  nudes,  and 
are  then  carried  back  by  the  workers,  being  left  perfectly  helpless  by 
Uieact. 

The  situation  of  the  sexes  during  copulatimi  may  also  be  referred  to 
three  chief  positions,  riz.  upon  each  other,  contiguous  to  each  other,  or 
opposite  each  other. 

The  first  is  by  far  the  most  general  position ;  it  varies  only  in  that, 
aa  the  general  rule  is  for  the  male  to  be  placed  above  the  female,  in  rare 
ustanoea  it  is  reversed,  as,  for  example,  the  flea,  where  the  male  carries 
the  fonale.  The  participation  of  both  sexes  in  the  common  motion  in 
loch  positions^  likewise  varies.  In  some  cases  it  is  the  female  alone 
which  moves,  and  the  male  merely  adheres  firmly  to  the  female,  for 
example,  in  the  Capricoms.     In  other  instances,  this  participation 
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wholly  ceases,  and  the  male  is  carried  along  by  the  female  as  if  lifeless  ; 
thus,  in  many  of  the  Chrysomelina,  the  male  contracts  all  its  limbs* 
whereas  the  female  endeaTOurs  to  escape.  Or  both  move  at  the  same 
time^  as  among  the  Diptera,  which  fly  about  thus  occupied,  and  also 
the  swimming  water-beetles ;  or^  lastly^  the  male  alone  moves,  as  ia 
Methoca  {Tengyra)  and  Myrmosa,  the  females  of  which  are  apterous. 

In  their  contiguous  position,  which  we  frequently  observe  in  those 
Cicadaria,  which  are  furnished  with  spiny  processes  upon  their  backs, 
and,  consequently,  cannot  sit  upon  each  other,  all  motion  either  entirely 
ceases,  or  else  both  sexes  move  at  the  same  time ;  at  least,  I  have  fre- 
quently detected  this  in  some  of  our  native  Cicadaria,  for  example,  the 
species  of  the  genera  Jassus  and  Apkrophora, 

The  contiguous  position  is  found  chiefly  in  the  crepuscular  and 
nocturnal  Lepidoplera.  In  these,  generally,  all  motion  ceases ;  both 
constantly  remain  in  repose ;  or  else  the  female  alone  moves,  drawing 
the  male  with  it,  as  in  the  cockchafer. 

With  respect  to  the  duration  of  the  act,  we  can  say  but  little  that 
applies  generally.  From  what  precedes,  it  will  have  been  seen,  that  in 
some,  for  example,  the  butterflies,  it  quickly  transpires.  The  same  is 
the  case  in  the  Hymenoptera,  viz.  in  the  bees.  Others  remain  for 
some  hours  in  this  situation,  others  again  several  days,  as  the 
cockchafer.  These,  consequently,  do  not  repeat  the  connexion,  one 
union  being  suflicient  for  impregnation :  others,  as  the  domestic  fly, 
appear  to  copulate  several  times  successively :  it  is  also  probable  that 
the  queen  bee  has  intercourse  with  several  males.  Perhaps,  also,  the 
intercourse  may  be  repeated  in  such  insects  in  which  it  rapidly  trans- 
pires, but  many  genera,  for  example.  Ephemera,  may  make  an  exception 
to  this  rule. 

Peculiar  organs  adapted  to  facilitate  the  duration  of  the  connexion, 
are  found  in  many  insects.  The  Carabodea,  according  to  Leon  Dufour, 
have  hooks  at  the  penis,  by  which  they  retain  the  female,  and  the 
distended  tarsi  with  their  sucking  cups  in  the  male  water-beetles, 
are  also  subservient  to  this  purpose.  In  others,  namely,  Panorpa, 
Laphria,  Asilus,  Dolichopus,  Tipula,  the  penis  lies  between  fangs, 
which  retain  the  pointed  apex  of  the  female's  abdomen ;  in  the  males 
of  many  Mehe  and  wasps,  the  male  antennae  are  hooked ;  in  the  male 
Crabros,  the  anterior  tibiffi  are  distended  into  lateral  lobes,  by  means 
of  which  they  cling  to  the  thorax  of  the  females ;  in  the  Lepidopiera,  the 
sexual  organs  of  both  sexes  have  hooks,  which  retain  each  other  during 


OF   OBNBRATION.  329 

oopalation.  In  Meloloniha,  knobs  of  the  penis  correspond  with  lateral 
pockets  of  the  vagina,  which  promotes  their  firm  adherence^  or  else  the 
penis  itself  is  provided  with  barbs,  which  so  affix  themselves  to  the 
vagina  of  the  female,  that  the  penis,  after  the  completed  intercourse, 
remains  in  the  vagina,  as  Huber  says  he  has  observed  in  the  bees. 
Audonin*  also  found  the  muscular  portion  of  the  penis  completely  torn 
off  in  the  aperture  of  the  spermatheca. 

Some  naturalists,  namely,  Oken,  have  su^ested  the  question  whether 
insects  during  copulation  feel  any  voluptuousness^  and  the  latter  wishes 
to  deny  it,  but  incorrectly,  as  I  imagine.  Whoever  has  observed  the 
ardour  of  the  males  before  their  intercourse,  and  their  anxiety  to  attain 
their  object  by  every  possible  means,  and  when,  having  attained  it, 
their  total  abstraction  in  the  delight  of  their  ultimate  success ;  and  also 
how  every  other  function  visibly  reposes,  to  admit  of  the  entire  energy 
of  the  body  being  devoted  to  this  most  important  one,  must  speedily,  I 
think,  give  up  such  an  opinion.  Is  not,  also,  the  ultimate  gratification 
of  an  internal  urgent  passion,  for  which  no  sacrifice  is  avoided,  the 
highest  voluptuousness  ?  and  does  not  the  observation  of  every  indi« 
▼idual  copulation  of  insects  most  distinctly  prove  the  presence  of  such 
an  urging  passion  ?  The  great  multiplicity  of  nerves,  likewise  distributed 
throughout  the  internal  organs  of  generation,  their  tuigescenoe  before 
and  during  copulation,  and  their  exhaustion  subsequently,  admits  of  no 
other  explanation :  the  so-much- enjoyed  pleasure  alone  can  exhaust  and 
emaciate  to  the  extent  that  we  observe  in  male  insects  after  its  accom- 
plishment, and  not  the  mere  satis&ction  of  the  sexual  instinct. 

§  208. 

By  means  of  the  connexion  between  the  male  and  female,  the  latter 
is  impr^nated,  which  produces  the  development  of  the  germs  of  the 
eggs.  Impregnation,  consequently,  is  produced  by  the  male  by  the 
sperm  secreted  by  the  testes,  and  which  is  a  milkwhite  clammy  opaque 
substance  of  a  peculiar  smell,  which  chemical  analysis  finds  to  consist 
chiefly  of  water,  and  to  which  is  added  a  peculiar  slimy  substance,  as 
well  as  natron,  phosphate  of  lime,  and  some  nitrate  of  lime.  Being 
continually  secreted  by  the  testes,  the  sperm  descends  the  vasa  deferentia 


*  See  bis  licttro  sur  la  G^n^mtion  dcB  Inscctcs,  in  the  Annalos  dcs  Scionc.  Natur. 
T.  u.  p.  281. 
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into  the  vesica  seminalis^  and  appears  in  both  as  a  fiocky  matter^  which 
alcohol  renders  crumbly,  and  which  is  animated  by  infusoria  of  the 
genus  Cercaria,  or  others  allied  to  it.  According  to  Suckow  *,  they 
resemble  Volvox  globator,  but  are  more  ovate ;  but  he  probably  over- 
looked the  thin  tail,  or  it  was  perhaps  torn  away,  which  is  constantly 
the  case,  according  to  Nitzscht>  in  the  CercaruB  which  inhabit 
fresh-water  muscles,  but,  indeed,  after  these  animalcnlfie  have  quitted 
the  body  of  the  muscle  for  the  water.  These  animalcnlse  (JSper-^ 
maiozoa,  according  to  De  Bar)  are  developed  by  equivocal  gene- 
ration by  the  sperm,  which  surpasses  all  other  oi^nic  fluids  in  its 
generative  power,  yet  they  must  not  consequently  be  considered  as  the 
truly  animating  and  impr^nating  power  in  impregnation,  but  merely 
as  a  proof  of  the  healthy  and  genuine  quality  of  the  sperm,  as  they 
are  not  found  in  that  of  old  subjects,  or  of  abortions  or  bastards. 

During  copulation,  which  the  preceding  paragraph  has  shown  to  take 
place  in  insects  by  an  actual  connexion  of  the  two  sexes,  this  liquid 
passes  from  the  penis  of  the  male  into  the  vagina  of  the  female,  or, 
according  to  Audouin*8  repeated  observation,  into  the  spermatheca,  into 
the  neck  of  which  the  penis  protrudes.  This  is  probably  the  cause  why 
the  majority  of  insects^  particularly  the  Coleoptera,  possess  such  large 
organs  of  generation,  and  that  the  spermatheca  is  the  last  of  all  the 
appendages  of  the  female  organs.  I  also  think  that  the  frequently 
long  duration  of  copulation  in  many  insects  may  be  explained  by  the 
spermatheca  receiving  the  sperm.  For  example,  the  testicle  cannot 
secrete  at  once  as  much  sperm  as  is  necessary  to  fill  the  spermatheca ; 
it  must,  consequently,  after  the  ejection  of  what  is  contained  in  the 
vesica  seminalis,  secrete  an  additional  quantity,  which  secretion  is 
promoted  by  the  stimulus  given  to  the  whole  body  by  the  act  of  copu- 
lation, and  is  only  terminated  when  the  testes  are  exhausted  in  the 
production  of  semen.  We  may  thence  explain  the  entire  enervation 
and  frequently  sudden  death  of  the  male  after  copulation  (as  for 
example,  in  Ephemera) ;  the  correlative  size  of  the  spermatheca  with 
the  duration  of  the  connexion,  speaks  also  in  favour  of  the  opinion  of 
its  being  a  place  for  the  accumulation  of  the  semen,  which  some 
physiologists  are  inclined  to  doubt.  We  invariably  find  in  those  insects 
which  are  long  in  copulation,  large  and  broad  spermathecse,  for  example, 

*  Heusiiigor  Zeitachr.  f.  d.  Oig.  Phys.  toL  ii.  p.  261. 
i*  Bcitrag  zur  InfuBoricnkando.  Uallc  1817.  8to. 
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in  Melohntha  and  in  Meloe,  whereas  in  those  which  are  rapidly  con- 
nected {Ephemera,  Libellula,  Musca),  it  is  wholly  wanting. 

But  Hunter's*  experiment  proves  that  this  appendage  absolutely 
contains  semen,  for  by  the  application  of  the  fluid  contained  in  it,  he 
made  the  ^gs  of  an  unimpregnated  female  fruitful.  Spallanzaui  f  made 
the  same  experiment,  but  with  sperm  from  the  male  vesica  seminalis, 
and  he  dso  succeeded ;  but  Malpighi  %,  who  made  a  similar  one,  was 
unsuooessfnl,  for  he  observed  no  development  of  the  eggs.  According 
to  Meinecke  §,  this  vesicle  is  empty  prior  to  copulation,  and  after  the 
laying  of  the  e^s,  but  between  these  two  periods, 'it  is  fiUed  with  a 
viscous  fluid. 

If  the  semen  be  really  received  in  this  reservoir,  we  may  ask,  how 
does  impregnation  ensue  here  as  well  as  in  those  instances  in  which 
the  vesicle  is  wholly  wanting  ?  We  must  have  recourse  to  mere  con- 
jecture, for  we  have  no  positive  observation  upon  the  subject.  It  is  the 
usual  opinion  that  the  egg  is  rendered  fruitful  when  it  glides  past  the 
aperture  of  the  vesica  seminalis,  by  the  sperm  suddenly  falling  upon  it, 
but  this  is  contradicted  by  the  observation  that  the  development  of  the 
egg  commences  even  at  the  end  of  the  oviduct,  and  that  it  has  already 
acquired  a  hard  homy  shell  when  it  passes  the  vesica  seminalis.  Nor 
does  the  conjecture  explain  the  mode  of  fructification  in  those  cases  in 
which  that  appendage  is  wanting.  Opinions  which  have  been  pro* 
pounded  to  explain  it  in  the  higher  animals,  for  example,  the  theory  of 
absorption,  whereby  the  sperm  is  conveyed  through  the  blood  to  the 
ovaries,  cannot  be  applied  to  insects,  which  are  totally  deficient  in 
blood-vessels  and  absorbents.  A  third  theory  of  generation  maintains 
the  passage  of  the  semen  into  the  oviducts,  which  Suckow  ||  states  to 
have  positively  observed.  This  opinion  is  not  contradicted  by  the 
distance  of  the  oviducts,  which,  in  many  instances,  is  but  trifling. 
Consequently  these  oviducts  are  not  analogous  to  the  ovaries  of  the 
superior  animals,  but  to  the  tubes,  the  superior  end  of  which  only  is 
the  ovary,  whereas  its  lower  end  is  the  uterus,  for,  as  Miiller  has 
informed  us,  the  development  of  the  germen  already  commences  there. 

*  Lectures  od  CompaFative  Anatomy,  rol.  iii.  p.  370. 

t  Venncb  uber  die  Eneugusg.  PI.  I.  p.  245,  &c. 

t  Open  Omnk.  toI.  ii.  I>e  Bombyce.  p.  41.  (Lugd.  Batav.  1687.  4to.) 

§  Natiuibncher.  4  St.  p.  115,  &c. 

II  Houungcr  ZeitKhr.  f.  d.  Oig.  Pbys.  vol  ii.  p.  262. 
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If,  therefore^  an  intermixture  of  the  semen  with  the  egg  germ  could 
take  place^  it  must  occur  likewise  in  insects  in  the  uterus  and  not  in 
the  ovary.  But  as  much  may  be  said  against  this  intermixture  in 
the  superior  animals,  viz.  from  extra  uterinal  and  tubular  pregnancy,  we 
iind  in  insects  also  the  successive  development  of  several  consecutive 
eggs  in  the  same  tube  standing  in  the  way  of  its  reception,  for  the 
lowest  egg  only  could  come  in  contact  with  the  spermen,  and 
without  the  re-adoption  of  the  already  obsolete  opinion  of  the  aura 
seminalis,  which  Spallanzani  has  shown  to  be  erroneous,  we  are 
left  precisely  in '  the  same  situation  by  adopting  or  rejecting  it. 
We  can  consequently  merely  ascribe  the  incipient  development  of 
the  germs  to  the  formative  energy  imparted  to  the  female  body  by 
the  presence  of  the  male  semen,  and  to  the  stimulating  excitement  at 
the  time  of  immission.  These  germs  are  proportionally  larger  and 
more  perfect  the  closer  they  lie  to  the  uterus,  and,  consequently,  their 
development  must  be  progressive,  if  a  determinate  time  and  proportion 
be  given  within  which  alone  it  can  be  effected,  and  this  it  appears 
absolutely  necessary  to  adopt.  Nevertheless,  the  semen  may  possibly 
pass  from  the  oviducts  to  the  tubes,  and  here  come  in  contact  with  the 
lowest  egg,  which  would  thereby  acquire  its  perfect  development  a 
certain  time  before  the  formation  of  the  shell.  Thus,  both  the  dynamical 
and  mechanical  views  have  justice  done  them. 

§  209. 

But  before  we  pursue  further  the  development  of  the  ^g,  stimulated 
by  impregnation,  we  must  investigate  the  degree  of  participation  the 
several  appendages  of  the  sexual  organs  have  had  in  this  impregnation  as 
well  as  in  the  formation  of  the  ^g.  We  have  already  become  acquainted 
with  the  function  of  one  of  the  appendages  of  the  female  organs,  viz.  the 
spermatheca ;  the  rest  are,  both  in  the  female  and  in  the  male,  according 
to  what  we  have  above  indicated  (§  140  and  §  150),  organs  which 
secrete  a  gluten.  Their  form,  as  we  have  there  shown,  proves  this, 
from  its  resembling  that  of  the  majority  of  the  glandular  organs  in 
insects,  and  also  from  the  analogy  of  the  superior  animals,  in  which 
similar  glands  are  found  in  connexion  with  the  genitals.  But  if  their 
secretion  be  positively  a  gluten,  we  may  ask,  what  is  the  purpose  of 
this  gluten  in  relation  to  impregnation  and  the  formation  of  the  egg  ? 
That  it  is  not  absolutely  necessary,  is  proved  by  the  many  instances  in 
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which  those  appendages  are  entirely  wanting,  as  well  as,  vice  versd^ 
their  significant  size  necessarily  contradicts  the  opinion  that  they  are 
unimportant  to  the  function  of  generation. 

With  r^rd  to  the  appendages  of  the  male  organs,  their  analogy  to 
Cowper's  and  the  prostate  gland  bespeak  in  some  d^ree  their 
importance  to  impregnation.  They  contain  a  fluid  which  is  thinner 
than  the  semen,  sometimes  perfectly  hyaline,  but  yet  of  a  viscous 
nature.  This  fluid  pours  itself  out  at  the  same  time  as  the  semen; 
consequently,  after  copulation,  the  gluten  organs  become  lax  and  flaccid, 
whereas,  previously,  they  were  tense  and  turgid.  Suckow  therefore 
supposes  that  the  gluten  merely  increases  the  quantity  of  the  semen  by 
rendering  it  more  fluid,  thereby  giving  it  a  general  distribution,  which 
promotes  the  impregnation  of  the  eggs.  Burdach  *  considers  this  also 
as  the  function  of  the  prostate  and  Cowper's  glands. 

The  secretion  of  the  female  appendages  is  not  the  same  as  that  of 
those  of  the  male ;  it  consists  of  a  thicker,  more  viscous,  yellow  liquid, 
which  is  not,  as  the  former,  poured  out  at  the  time  of  copulation,  but 
subsequently  upon  the  passage  of  the  eggs  through  the  vagina.  It  is 
here  that  the  eggs  are  covered  with  this  gluten,  and  are  thereby  aflixed 
to  their  place  of  deposition,  for  example,  to  the  leaves  and  twigs  of 
plants.  Many  ^gs  derive  their  peculiar  form  from  this  coating,  for 
example,  the  long  pedicle  of  the  egg  of  Hemerohius  (  PL  I.  f.  14.)  is 
formed  by  this  glutinous  coat ;  it  is  also  what  connects  together  the  eggs 
of  Gasirophaga  Neustria.  The  organs  secreting  this  gluten  are 
deficient  in  those  insects  which  deposit  their  eggs  immediately  in  or 
upon  the  food  of  the  young,  as  for  example,  in  the  Ichneumons,  many 
flies,  the  Tenthredos  and  Cynipsodea,  and  many  others,  although  pot 
yet  proved  by  inspection. 

A  second  function  may  consist  in  lubricating  the  vagina  during 
copulation,  or  the  tube  of  the  oviduct  upon  the  passage  of  the  eggs,  and 
thereby  facilitating  both  processes;  at  least,  in  some  instances,  for 
example,  in  the  Lepidopiera,  we  observe  two  diflPerent  appendages,  the 
smaller  one  of  which  may  possibly  fulfil  this  function,  and  the  other 
larger  one  accomplish  the  first.  By  means  of  this  gluten,  thus  generally 
distributed  throughout  the  egg  ducts,  the  passage  of  the  male  semen 
from  the  spermatheca  to  the  egg  tube  may  be  &cilitated  and  promoted. 

*  Physiologic,  vol.  I.  p.  460.  k. 
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§  210. 

After  impregnation^  by  means  of  copulation  with  the  male,  the 
successive  development  of  the  egg  germs,  lying  in  the  tubes^  consecutively 
ensues,  namely,  one  after  the  other.  Joh.  MUIler  *  has  instituted 
admirable  observations  relative  to  this  development  in  Phasma  gigas, 
and  of  which  we  shall  here  make  an  abridged  extract. 

If  for  this  purpose  we  return  back  to  the  anatomical  description  of 
the  ovaries,  we  shall  there  find  an  already  indicated  connexion  of  the 
egg  tubes  with  the  dorsal  vessel.  The  mode  of  this  connexion  is  thus : 
a  delicate,  but,  by  its  structure,  strong  filament,  passes  from  the 
superior  extremity  of  each  egg  tube  to  the  wall  of  the  vessel,  which  is 
a  continuation  of  the  heart,  and  which  we  have  described  as  the  aorta, 
and  it  there  unites  itself  to  it.  This  connecting  filament  the  disooverer 
Joh.  Miiller  considers  as  a  vessel  which,  passing  from  the  aorta,  trans* 
pierces  the  extremity  of  each  of  the  egg  tubes,  and  thence  forms  its 
internal  coating.  He  further  considers  that  the  material  which  deposits 
the  ^g  germs  comes  ft'om  the  aorta  through  these  connecting  filaments, 
and  that  this  connexion  is  of  the  greatest  importance  to  their  develop^ 
ment.  Howsoever  apparently  just  these  conclusions  may  appear,  they 
have  nevertheless  an  hypothetical  origin.  Nothing  further  is  certainly 
evident  firom  his  representation,  than  that  a  continuation  of  the  egg  tubes 
in  many,  but  not  in  all,  cases,  is  attached  to  the  dorsal  vessel ;  but  that 
these  filaments  are  vessels  which  open  into  the  dorsal  vessel  is  not 
proved,  for  he  did  not  see  the  contents  of  the  dorsal  vessel  pass  into 
these  connecting  filaments,  which,  indeed,  in  insects  preserved  in  spirits 
of  wine,  would  be  very  difficult  to  detect  To  attach,  therefore,  less 
importance  to  this,  the  direct  transformation  of  a  blood-vessel  into  an 
^g  tube,  appears  inadmissible,  for  then  the  egg  germ  must  be  developed 
in  the  blood-vessel,  which  merits  certainly  not  the  least  attention. 
Indeed,  the  same  skilful  observer  has  regularly  found  in  the  common 
leech  (Hirudo  vulgaris)  the  nervous  cord  in  the  cavity  of  a  central 
blood-vessel  f  ;  but  this  certainly  cannot  be  cited  as  an  analogy  to  the 
transformation  of  a  blood-vessel  into  an  egg  tube,  which  his  earlier 
discovery  endeavours  to  prove,  and  a  more  analogous  case  is  much  less 
to  be  found.  I  therefore  consider  this  supposed  connexion  of  the  two 
organs  as  nothing  else  than  a  superficial  attachment  of  the  egg  tube  to 

*  Nova  AcU  Phys.  Med.  T.  xii.  PI.  II.  page  620,  &c. 

t  Meeker*  ArcliiT.  fur  Anat.  und  Phyuol.  1828.  pp.  26  and  27. 
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the  aorta,  bat  without  admitting  of  the  passage  of  the  one  into  the  other. 
What  Joh.  Muller  considers  as  a  continuation  of  the  aorta,  or  as  a 
blood-vessel^  I  oonceiye  to  be  the  inner  coat  or  mucous  tunic;  his  egg- 
tube  tunic,  on  the  contrary,  as  the  exterior  or  muscular  tunic 
Nevertheless,  the  filament  may  be  hollow  as  far  as  the  hearty  without, 
therefore,  necessarily  opening  into  the  aorta.  If  such  a  passage  existed, 
and  it  were  of  physiological  importance  to  the  development  of  the  egg 
germs,  it  would  be  found  in  all  female  insects,  but  which,  as  Muller 
himself  admits,  is  by  no  means  the  case.  The  contents  of  the  hollow 
connecting  filament  is  a  white  granulated  mass,  which  extends  in  it  as 
ftr  as  the  heart,  and  can  be  even  still  detected  where  the  filament  has 
already  dilated  into  the  egg  tube.  From  this  point  the  mass  becomes 
more  and  more  consolidated  together,  and  now  assumes  the  appearance 
of  a  thick  lump,  which  is  found  between  every  two  ^;g  germs.  We 
first  find  the  egg  germs  in  the  superior  distended  portion  of  the  ^;g- 
tube,  and  indeed  in  their  peculiar  oval  form,  whereas  the  mass  between 
two  eggs  is  much  smaller  in  compass,  the  egg-tube  consequently  between 
every  two  egg  germs  is  somewhat  contracted.  The  egg  germs,  how- 
ever, increase  in  size  the  lower  they  are  placed  in  the  ^;g  tube,  so  that 
the  lowest  is  the  largest  of  all,  and  the  highest  is  the  smallest.  This 
highest  egg  germ  is  almost  of  the  same  size  as  the  mass  placed  between 
it  and  the  second  one,  which  mass  Miiller  calls  the  placentula,  and  the 
first  egg  germ  also  appears  to  have  gradually  formed  itself  from  the 
white  granulated  substance  lying  above  it. 

The  development  of  the  last  egg  germ,  lying  at  the  base  of  the  egg- 
tube,  takes  place  thus :  the  placentula  beneath  it,  in  consequence  of 
impregnation,  enlarges,  and  gradually  re-models  itself  until  it  takes  the 
form  of  a  cone,  the  apex  of  which  is  turned  towards  the  e^  germ. 
Its  base,  or  broad  basal  surfiace,  therefore,  separates  the  internal  mem- 
brane of  the  egg-tube  until  it  comes  into  direct  contact  with  the 
exterior  or  muscular  tunic,  and  becomes  organically  connected  with  it  by 
means  of  tracheae,  whereby  a  dark  annular  girdle  is  formed  at  the  base 
of  the  egg  tube,  which  Joh.  Muller  calls  the  ring  of  the  vessel. 

Hitherto  the  ^g  germ  has  no  pellicle,  or  shell,  but  it  consists  of  a 
thick,  uniform,  gelatinous  mass.  Now,  after  the  placentula  has  dis- 
tended itself,  it  is  probable  that  the  impregnation  of  the  egg  germ 
proceeds  from  it ;  and  when  this  has  taken  place  the  shell  commences 
to  be  formed  firom  above  downwards,  so  that  it,  as  it  were,  grows  over 
it,  commencing  at  its  upper  end.     Contemporaneously  with  it  is  the 
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cicatrix  formed;  it  is  a  horse-sboe- shaped,  bent,  but  longer  longitudinal 
projection,  which  lies  upon  one  side  of  the  egg,  but  which  is  yet 
observed  only  in  a  few  eggs,  for  instance,  in  Phtuma*  Its  pur- 
pose is  not  yet  ascertained,  although  probably  it  is  the  analc^e  of  the 
tread,  and  consequently  thence  the  development  of  the  embryo  would 
originate.  During  this  period  the  placentula  retains  tolerably  long  its 
former  conical  figure,  but  it  loosens  and  becomes  lighter  as  a  distinct 
proof  that  it  has  lost  something  (the  imbibed  impregnating  semen  P), 
but  henceforward  it  decreases  with  the  increase  of  the  shell  and, 
pellicle  beneath  it,  and,  at  last,  entirely  disappears  when  the  develop* 
ment  of  the  egg  is  completed.  This,  after  the  formation  of  the  shell, 
is  limited  to  involution,  and  yet,  at  least  in  Phasma,  a  new  structure 
is  added  to  it,  namely,  a  crown-shaped  appendage  at  the  end  of  the 
egg,  in  direction  from  the  egg  duct.  This  crown,  which  is  formed  of  a 
hard  homy  trellis-work,  and  which  at  its  apex  has  a  round  aperture, 
rests  upon  a  correspondingly  large  orbicular  depression  in  the  shell ; 
at  this  spot  also  the  pellicle  appears  more  delicate  than  elsewhere. 
Beneath  it  is  found  a  small  vacant  space,  into  whidi,  the  tracheee  which 
during  the  formation  of  the  embryo,  are  forming  in  the  vascular 
membrane,  together  with  their  main  stem,  open  themselves.  This 
delicate  membrane  may  therefore  justly  be  called  the  egg  gill,  for 
through  it  the  air  passes  into  the  egg.  In  those  eggs  which  have  no 
crown,  as  is  the  case  with  the  majority  with  which  we  are  acquainted, 
the  orbicular  depression  is  very  small,  but  it  lies  likewise  at  the  end 
(PI.  I.  f.  23.).  The  indicated  involution  of  the  egg  has  chiefly  reference 
to  the  yolk,  which  has  not  yet  completely  filled  the  shell,  it  conse- 
quently appears,  as  well  as  the  pellicle  which  closely  envelopes  it, 
folded  upon  the  snrfaoe ;  but  it  acquires  consistency,  and  exhibits  cells 
in  which,  particularly  towards  its  circumference  in  Phasma,  a  purple- 
coloured  mass  is  deposited,  whereas  in  other  cases  it  is  yellow  or 
greenish.  The  more  the  yolk  increases,  the  faster  the  folds  disappear, 
and  when  the  ^g  has  acquired  the  maturity  requisite  for  being  laid,  it 
entirely  fills  the  shell,  with  the  exception  of  the  small  vacant  space 
beneath  the  germen.  During  this  period  of  ripening  the  inner  tunic 
of  the  ^g^tube  separates  closely  above  the  upper  end  of  the  egg,  and 
dissolves  into  a  pappy  consistence,  which  is  excluded  together  with 
the  matured  e^.  The  inner  membrane  with  the  next  egg  then 
descends  to  the  base  of  the  egg  tube,  and  the  development  of  the  new, 
now  lowest,  ^g  germ  proceeds  in  the  same  way. 
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If  we  take  a  retrospection  of  the  whole  process  of  the  development 
of  the  germ  to  the  ^g  we  shall  find  that  there  are  three  distinct  periods 
in  its  progress.  The  filiform  superior  appendage  of  the  ^g-tube'  is 
the  first,  for  in  it  takes  place  the  secretion  of  the  formative  matter,  and 
from  here  it  descends  into  the  ^g-tube  as  a  germen.  The  remainder, 
probably  albuminous  portion,  of  the  secretion,  remains,  as  placentula, 
between  every  two  egg  germs.  The  second  period  is  the  loosening  of 
the  placentula  by  copulation.  By  means  of  it  the  internal  tunic  comes 
into  close  contact  with  the  exterior  vascular  one,  in  consequence 
of  which  the  ring  is  formed ;  and  at  the  same  time  the  impregnation  of 
the  germ  takes  place  by  the  male  semen  imbibed  from  the  placentula. 
Tlie  ring,  lastly,  is  the  third  period ;  it  promotes,  by  supplying  the 
placentula  with  atmospheric  air,  its  capacity  of  appearing  as  a  new 
organic  mass,  so  that  it  may  be  gradually  imbibed  by  the  growing  egg. 
The  yolk  thus  becomes  perfectly  formed,  and  envelopes  itself  with  its 
second  tunic,  and  then  with  its  shell,  which  is  hardened  also  by  means  of 
the  air  from  the  ring.  The  formation  of  the  egg  is  then  completed,  and 
the  period  of  laying  comes,  which  takes  place  immediately,  to  make 
room  for  a  still  immature  egg.  It  is  from  this  circumstance  that  some 
insects,  namely,  those  with  many  egg  tubes,  for  example,  the  queen  bee, 
require  a  long  time  to  lay  all  their  eggs,  and  only  in  those  with  bag  and 
bladder-shaped  ovaries,  which  are  furnished  upon  their  surface  with 
short  egg-tubes  (as,  for  example,  Lytia  and  Meloe,)  can  the  eggs  be 
almost  all  matured  at  the  same  time. 

§  211. 

When,  after  all  this  procedure,  the  egg  has  quitted  the  maternal 
sphere,  a  distinct  life,  namely,  that  of  the  embryo,  commences  in  it. 
If  we  first  survey  the  structure  of  the  laid  egg  we  shall  observe  that  it 
consists  externally  of  a  homy  shell,  which  becomes  tolerably  hard  in 
the  air,  and  is  in  general  transparent  or  colourless,  but  less  frequently 
decorated  with  particular  markings  and  colours.  Beneath  this  external 
covering  lies  a  second,  finer,  more  delicate  membrane,  which  forms  the 
case  of  the  fluid  contained  within  the  egg.  This  fluid  is  the  yolk, 
(vitellus,)  a  yellow,  whitish,  or  green,  thick,  granulated  mass,  which  in 
Phiuma  is  dotted  with  purple,  and  it  chemically  consists  of  albumen, 
some  animal  glue,  a  yellow  fat  oil  and  sulphate  and  phosphate  of  natron  *. 

*  See  John's  Cheniisclie  Schrift,  vol.  ii.  p.  112. 
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The  separate  albumen  which  is  observed  in  the  eggs  of  the  MoUusea, 
Arachnida,  Crustacea,  many  fish,  and  the  Amphibia,  and  birds,  is 
therefore  wholly  wanting  in  the  ^gs  of  insects,  which  consist  solely 
of  yolk. 

We  have  as  yet  but  little  information  of  the  progress  of  the  formation 
of  the  embryo  from  this  fluid ;  we  only  know  from  Suckow's  *  observa- 
tion in  Gastrophaga  pini  that  a  small  dark  spot  is  formed  in  the  centre 
of  the  originally  tolerably  clear  yolk,  which  he  considers  as  the  com- 
mencement of  the  embryo.  From  this  point,  which  we  prefer  consider- 
ing upon  the  surface  of  the  yolk  analogously  to  the  development  of  other 
animals,  and  not  as  would  appear  from  Suckow's  observation  in  its 
middle,  the  formation  of  the  embryo  so  proceeds  that  the  ventral  surfiice 
along  which  the  nervous  cord  runs  first  presents  itself.  This  ventral 
plate  distends  on  all  sides,  gradually  growing  completely  over  the  yolk, 
which  is  thereby  enclosed  completely  within  the  ventral  cavity.  This  mode 
of  development  has  not  yet  indeed  been  observed  in  true  insects,  but  the 
development  of  the  Crustacea  and  of  the  Arachnida  speaks  in  favour 
of  it.  After  a  short  period  the  embryo  appears  distinctly  as  a  half 
moon-shaped  body,  at  the  end  of  which  the  head  is  already  perceived 
(PI.  I.  f.  24.  A.).  The  embryo  swims  in  a  bright  green  but  clear  fluid, 
the  liquor  amnii,  and  it  is  enclosed  by  two  other  membranes  besides  the 
shell.  The  innermost,  the  amnion,  which  contains  the  water,  is  spongy, 
and  exhibits  upon  its  inner  surface  small  glands  that  are  surrounded  by 
a  bright  margin,  and  it  is  covered  exteriorly  by  a  cluster  of  webbed  vessels 
(the  same,  c,  c,  c),  which  all  proceed  from  a  thicker  main  stem,  which 
opens  into  the  orbicular  portion  of  the  egg  filled  with  air.  These 
vessels,  which  doubtlessly  convey  air,  consist,  according  to  Suckow,  of 
but  a  single  transparent  membrane,  and  therefore  differ  considerably 
in  structure  from  true  trachese.  Michelotti's  t  experiments  upon  the 
e^s  of  Liparis  dispar  and  L.  mori  have  proved  that  the  eggs,  during 
their  development,  decompose  air,  viz.,  imbibe  oxygen,  and  give  ont 
carbonic  add,  but  only  in  a  temperature  of  from  15®  to  20®,  whereas 
beneath  zero  they  leave  the  atmospheric  air  unaltered.  This  absorption 
of  oxygen  is  necessary  to  their  development,  for  the  ^gs  speedily  die 
in  miasmatic  gases,  which  are  free  from  it.     If  now,  as  appears  neces- 

*  See  hit  Anatomisch.  Phyriologiichen  Untenuchnngen  der  InBekten  und  Krusten- 
thiere,  rol.  i.  part  i.     Heidolb.  1818.  4to. 

•f  See  Pfaff  and  Priecllander  franzosische  Annalen,  part  iv.  p.  48*  &c. 
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sary*  this  oxygen  be  imbibed  from  the  above-mentioned  orbit  of  the 
egg  genn^  it  can  only  be  distributed  by  means  of  the  vessels  in  the 
circumference  of  the  entire  yolk.  The  second  external  membrane  lying 
over  the  amnion  (the  same,  6,  6^)  is  a  transparent,  colourless^  simple, 
atroctureleas  tunic>  which  lies  next  to  the  e^  shelly  and  clothes  this 
throughoat,  with  the  exception  of  the  above-named  space  containing 
air.  It  consequently  corresponds  with  the  membrane  lying  beneath 
the  shell  in  birds,  viz.,  the  chorion,  which  is  here  also  as  deficient  in 
vessels  as  among  the  birds.  The  resemblance  to  birds  is  very  evident ; 
a  similar  space  containing  air  is  also  observable  in  birds'  eggs,  and,  the 
same  as  here*  the  embryo  imbibes  the  oxygen,  which  it  requires  for 
respiration,  from  the  air  contained  in  that  space.  The  allantoid  is 
wanting,  and  consequently  the  air  vessels  take  their  course  upon  the 
exterior  surface  of  the  amnion,  the  yolk  bag  however  is  contained 
within  the  ventral  cavity.  A  canal  to  correspond  with  the  navel  cord  is 
consequently  likewise  wanting;  the  entire  yolk  bag  lies  within  the 
ventral  cavity,  and  becomes  the  intestinal  canal  and  stomach,  and  it  is 
thence  perhaps  that  the  stomach  of  caterpillars  is  so  monstrously  large. 
The  larger  the  embryo  becomes  the  more  distinctly  do  the  several 
organs  display  themselves.  Interiorly  Suckow  first  observed  the  intes- 
tinal canal,  almost  contemporaneously  with  the  external  formation, 
from  the  simple  reason  that  so  soon  as  the  ventral  plates  had  united  at 
the  back  the  yolk  bag  ^must  necessarily  present  itself  as  the  internal 
nutrimental  canal.  It  is  evident  that  the  closing  of  the  anus  in  many 
larvae  stands  in  close  relation  to  this  reception  of  the  entire  yolk 
bag.  Suckow  also  observed,  towards  the  close  of  the  embryo  life,  con- 
strictions upon  this  internal  nutrimental  canal,  which  separated  the 
oesophagus  and  intestine  from  the  stomach ;  until  then  it  remained 
what  it  was,  a  longitudinally  distended  simple  bag.  Now  appear  the 
first  traces  of  air  vesseLs,  in  the  form  of  tubes,  one  of  which  runs  on 
each  side  of  the  body,  and  frt)m  division  to  division  sends  forth  fasciculi 
of  branches,  which  spread  themselves  to  the  intestinal  canal.  But 
during  the  embryo  life  the  tracheie  do  not  enter  into  action,  the  stig- 
mata are  consequently  closed,  and  their  function  commences  only  upon 
the  exclusion  from  the  ^g.  The  dorsal  vessel  also  developes  itself  and 
gradually  commences  action,  at  least  distinct  pulsations  have  been 
observed  in  embryos  shortly  prior  to  their  quitting  the  egg  shell.  The 
sexual  organs  are  also  observed  during  the  last  few  days  of  the  embryo 
period,  they  present  themselves  in  both  sexes  as  small  knobs  with 
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delicate  ducts^  which  unite  beneath  the  intestine  into  a  short  clavate 
evacuating  duct.  The  commencement  of  the  nervous  system  consists 
of  two  extremely  delicate  scarcely  perceptible  filaments  into  which  the 
nervous  matter  by  degrees  accumulates ;  they  then  approach  together, 
and  connect  themselves  at  different  spots,  thus  forming  the  ganglia, 
and  anteriorly  the  brain,  which  in  the  embryo  is  still  very  soft  and 
almost  fluid,  and  therefore  very  destructible.  The  muscular  layers 
beneath  the  skin  are  also  indicated,  and  particularly  the  head,  with  its 
mandibles,  the  legs  and  the  anal  horn  become  developed,  as  the  most 
important  external  organs.  In  clothed  caterpillars  insulated  hairs 
appear  also  upon  the  skin.  We  thus  frequently  sec  the  matured 
embryo  in  its  convoluted  position  through  the  thin  egg  shell  (PI.  I. 
f.  22).  After  the  termination  of  these  evolutions  the  young  larva 
strives  for  freedom  and  greater  independency,  it  bores  through  the  shell 
at  its  most  delicate  part,  namely,  at  the  orbit,  and  then  comes  forth 
from  out  its  prison,  and  inunediately  commences  its  first  appointed  oo* 
cupation,  feeding  voraciously.  Producing  this  object  many  larve  de* 
vour  their  own  egg-shell  immediately  after  quitting  it. 

§  212. 

In  some  few  insects  the  exclusion  from  the  egg  takes  place  in  the 
mother's  body,  and  these  therefore  bear  living  young.  Such  insects 
are  called  ovoviviparous. 

One  of  the  most  common  instances  of  this  kind  is  presented  by  the 
Aphis,  In  these  the  female  bears  through  the  summer  living  young 
ones,  and  in  autumn  it  lays  eggs.  According  to  Bonnet,  nevertheless, 
^g  germs  are  found  in  th^  ovaries,  as  in  all  other  insects ;  these  deve- 
lope  themselves  in  the  duct,  here  the  young  creeps  forth,  and  is  thus 
born  living.  Bonnet  assures  us  that,  upon  an  anatomical  inspection,  he 
discovered  egg  shells  and  young  ones  in  the  duct.  According  to  other 
observers,  viz.,  Kyber,  upon  Aphis  Dianthi,  eggs  are  never  laid,  but 
young  ones  constantly  born,  so  long  as  the  individual  has  not  copulated; 
a  copulated  and  consequently  imprecated  female  lays  only  eggs ;  but 
Bonnet  has  nevertheless  made  it  probable  that  the  egg  laying  (as  was 
remarked  above,  §  204,)  is  the  consequence  of  the  colder  autumnal 
temperature,  since  the  eggs  more  easily  bear  the  intensity  of  winter 
than  the  young.  Kyber's  Aphis  might  therefore  have  continued 
producing  living  young  ones  in  consequence  of  its  being  kept  in  a 
warmed  apartment.  De  Geer,  however,  observed  Aphis  Abietis  never 
to  produce  living  young  ones,  but  always  eggs. 
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The  flesh  flies  exhibit  another  instance  of  ovoviviparous  production  in 
insects.  It  is  well  known  that  these  flies  {Sarcophagof)  deposit  their 
larvae  upon  putrifying  flesh,  and  the  young  immediately  after  their 
birth  proceed  with  the  removal  of  the  substance  upon  which  they  were 
deposited.  According  to  Reaumur*^  who  has  described  and  figured 
the  uvary^  the  larve  may  be  found  in  the  spirally  twisted  egg  tube^  and 
which^  we  may  remark  incidentally,  according  to  him  contains  more 
than  twenty  thousand  larvae.  According  to  De  Geer  t,  the  ^gs  first 
descend  the  ^g  duct  after  their  development  at  the  base  of  the  egg 
tube  is  completed,  and  each  ovary  contains  but  from  fifty  to  eighty 
germs.  Their  increase  is  nevertheless  very  rapid,  for  in  from  eight  to 
ten  days  the  larva  is  grown,  and  again  after  eighteen  or  twenty  days 
the  fly  appears.  If  we  admit  merely  the  smallest  number  of  eggs,  and 
allow  four  weeks  to  the  development  of  every  individual,  we  find,  upon 
supposing  an  equality  of  both  sexes  in  each  generation,  in  one  summer 
(from  June  to  October)  a  produce  of  more  than  five  hundred  millions, 
therefore  about  half  as  many  individuals  as  there  are  human  beings 
upon  the  whole  earth,  according  to  the  received  opinion.  Meantime, 
how  many  are  destroyed  as  larve  by  their  multitudes  of  enemies  ?  how 
many  also  as  flies  are  there  not  consumed  by  birds  ? 

Similar  cases  of  an  early  exclusion  from  the  egg  within  the  body  of 
the  mother  has  been  observed  in  other  genera.  Reaumur  }  found  the 
larvae  of  a  smaU  Tipula,  which,  to  judge  from  his  figure,  apparently 
belongs  to  Meigen's  genus  Ceraiopogon,  in  one  of  his  boxes,  where  also 
they  changed  into  nymphae.  He  obtained  from  these  the  fly  which 
subsequently  produced  long  worm-shaped  larvae ;  indeed,  upon  a  slight 
pressure,  he  squeezed  them  fully  developed  from  the  body  of  the 
mother.  According  to  Kirby  and  Spence  §  also  many  Cocci  and  bugs 
bring  forth  living  young  ones;  the  latter  from  the  observation  of 
Bnsch,  upon  which,  however,  I  have  not  been  able  to  obtain  more 
detailed  particulars. 

But  we  have,  more  positive  observation  upon  the  development  of 
the  Dipiera  pupipara.  The  remarkable  form  of  the  ovary  of  the 
female  is  shortly  indicated  above  (§  136.  III.  2.).  The  egg  descends 
from  the  small  ovary  through  the  egg  duct  into  the  large,  bag-shaped, 

*  M^oint,  &&•  vol.  iv.  part  ii.  p.  153.  PI.  XXIV.  f.  1.  Edit,  in  ]2mo. 

t  lb.  voL  vi.  p.  81.   PI.  III.  t  5—18. 

J  lb.  vol.  iv/partii.  p   168.  PI.  XXIX.  f.  10—15. 
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distended  uterus,  into  the  superior  narrow  aperture  of  which  two  ramose 
vessels^  which  terminate  in  blind  filaments,  open  themselves,  and  which, 
according  to  Ramdohr  *,  are  secreting  vessels  that  convey  nutriment 
to  the  larvae,  and  in  this  uterus  the  egg  changes  into  the  larva,  and 
subsequently  into  the  pupa.  As  such  the  young  is  born,  nearly  of  the 
size  of  the  mother,  and  enclosed  in  a  hard,  simple,  smooth  shell,  with- 
out any  annular  constrictions,  and  which  shell  is  furnished  at  one 
extremity  with  a  cover.  This  springs  off  so  soon  as  the  pupa  has 
passed  through  this  stage  of  its  existence,  and  the  perfect  insect  then 
issues  from  the  pupa  case.  We  therefore  here  observe  a  true  develop- 
ment in  the  uterus  similar  to  that  of  the  mammalia,  the  larva  receives 
within  the  body  of  the  mother,  and  by  means  of  her,  its  first  nutriment, 
and  in  its  state  of  puberty,  consequently  much  later  than  the  young 
mammal,  it  comes  forth  into  the  world.  This  period  also  quickly 
transpires,  so  that  we  may  almost  assert  that  the  young  one  is  capable 
of  re -producing  the  very  moment  it  is  born ;  a  solitary  instance 
unparalleled  throughout  the  whole  organic  world. 

§213. 

The  number  of  the  eggs  laid  by  a  female  insect  is  generally  very 
great.  We  have  above  very  recently  shown  the  possibility,  at  least,  of 
a  monstrous  posterity  in  the  flesh  fly  {Sarcophaga  carnaria),  and  yet 
the  female,  according  to  De  Geer,  lays  at  the  greatest  number  not  more 
than  160  eggs.  This  number,  which  may  be  considered  as  a  very 
general  average,  is  in  many  instances  exceeded ;  in  fact,  we  must  feel 
astounded  at  the  incalculable  multitudes  which  different  authors  give 
as  the  produce  of  a  single  individual,  numbers  which  are  exceeded  only 
by  the  almost  incredible  productive  powers  of  fishes.  According  to 
Smeathman,  the  female  of  a  Termites  lays  in  one  minute  sixty  eggs, 
and  therefore  in  one  day  more  than  86,000,  which,  however,  does  not 
by  far  terminate  her  period  of  laying.  A  small  insect,  which  is  found 
in  numbers  upon  the  Chelidonium  majuSy  Lin.,  namely,  Aleyrodes 
Chelidonii,  Latr.,  {Tinea  proletella,IAn,),  lays,  according  to  Reaumur, 
20,000  ^gs  (but  the  number  of  eggs  is  much  exaggerated,  it  is  only 
between  twenty  and  thirty  f  )  >  ^n  the  queen  bee  it  varies  from  5,000 
to  6,000 :  the  ant  lays  from  4,000  to  5,000j  the  common  wasp  ( Vespa 

*  Magaz.  dcr  GcBcllsch  Naturf.   Freunde  xu  Berlin,  6.  B.  ».  131. 
f  Author's  MS.  addition. 
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vulgaris)  about  3,000,  the  Coccus  from  2,000  to  4,000.  If  even 
these  considerable  multitudes  are  to  be  classed  among  the  rare  instances, 
yet  a  posterity  of  a  thousand  individuals  in  one  generation  is  very 
common  among  insects.  We  find  this  number  among  the  majority  of 
NoctuiBi  Lyonet  considers  this  number  as  usual  in  Cossus  ligniperda. 
Euprepia  caja  lays  about  1,600.  In  the  silkworm  the  average  is  about 
500.  Other  orders  are  less  fertile,  for  example,  tlie  Coleoptera;  in 
these  the  average  is  fifty :  many,  as  the  Chrysomel^,  lay  more  (viz., 
ChrysomeliB  polygoni)  ;  others,  for  example,  Meloe,  Lytta,  which  have 
baccate  ovaries,  also  lay  many  eggs,  namely,  from  600  to  800.  The 
burying  beetle  (^Necrophorus  vespillo)  is  said  to  lay  only  thirty  eggs, 
and  the  flea,  according  to  Roesel,  only  twelve ;  many  Diptera,  as  the 
gnats^  some  dozens ;  others^  particularly  flies,  very  few,  from  six  to 
eight :  Musca  meridiana,  according  to  Reaumur,  lays  only  two  eggs, 
but  certainly  not  in  the  whole,  but  atone  time.  The  Diptera pupipara, 
the  account  of  whose  development  we  have  given  in  the  preceding 
paragraph,  always  lays  but  one  egg,  or  rather  brings  forth  but  one  at  a 
time  ;  and  it  is  the  same  with  the  Aphides,  who  bring  forth  a  numerous 
progeny,  but  only  one  at  a  time,  at  longer  or  shorter  intervals,  whereas 
insects  which  lay  eggs  continue  to  lay  until  their  entire  stock  is 
exhausted.  We  may  readily  comprehend  the  incalculable  number  of 
insects  from  this  multitude  of  ^gs  laid  by  a  single  one.  Reaumur 
observed  a  Phalena  horn  whose  numerous  eggs  350  living  young  ones 
were  developed ;  many  of  them  died  as  caterpillars,  so  that  only  sixty- 
five  females  were  found  among  those  that  passed  through  their  several 
metamorphoses ;  but  even  this  number  were  calculated  to  produce  the 
following  year  a  posterity  of  22,750,  which  in  the  succeeding  one,  by 
the  same  calculation,  would  give  a  succession  of  1,492,750  young  ones. 
A  single  Aphis  likewise,  by  Reaumur's  calculation,  produces  in  the 
fifth  generation  a  succession  of  5,904,000,000,  and  it  is  well  known 
that  the  great  great  grandmother  still  lays  eggs  when  the  ninth  member 
of  her  descendants  is  capable  of  re-production. 
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§  214. 

Having  now,  in  the  preceding  chapter,  pursued  the  history  of  the 
formation  and  development  of  the  insect  embryo,  proceeding  from  the 
most  general  phenomena  of  generation,  and  then  directly  applying 
them  to  the  class  of  insects,  I  shall  therefore  now  closely  investigate 
the  progressive  advancement  of  the  young,  now  rendered  independent 
and  excluded  from  the  egg,  and  investigate  the  means  whereby  its 
development  is  attained.  For  this  purpose  we  take  the  insect  in  its 
present  stage,  as  it  now  exhibits  itself,  either  as  maggot,  caterpillar, 
or  larva,  without  asking  why  it  assumes  this  or  that  peculiar  form, 
reserving  the  answer  to  that  question  to  the  following  chapter  of 
''  Somatic  Physiology,"  where  it  will  receive  its  reply,  in  connexion 
with  the  inquiry  into  the  forms  of  perfect  insects  in  general ;  and  we 
therefore  now  direct  our  attention  to  the  means  appointed  for  the  fuller 
development  of  the  individual  itself. 

These  are  found  to  consist  in  its  nutriment,  namely,  in  the  assi- 
milation  of  the  newly  received  organic  substances.  The  young  larva 
must  feed  upon  fresh  organic  matter,  either  vegetable  or  animal,  and 
transform  it  into  its  own  substance  if  it  is  to  live.  An  inquiry  into 
the  several  kinds  of  food,  and  their  modes  of  reception  and  assimi- 
lation, will  constitute  the  subject  of  the  ensuing  chapter. 

i  215. 

If  we  take  a  general  survey  of  the  process  of  nutrition  in  general, 
as  we  find  it  in  the  progressive  development  of  animal  organisation,  we 
shall  perceive  that  an  internal  cavity  presents  itself  as  its  first 
organ.  In  this  cavity,  which  is  called  the  stomach,  the  food  is 
received,  transformed,  and  the  unassimilating  portions  rejected  either 
through  the  same  orifice  at  which  it  was  received  (the  mouth )^  or  at 
another  aperture  placed  at  the  opposite  extremity  of  the  cavity  of  the 
stomach  (the  anus).  So  long  as  the  food  remains  in  this  sometimes 
simple  or  tubular  cavity,  which  is  occasionally  furnished  with  auxiliary 
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distensions  and  pockets  like  so  many  lateral  purses^  the  digestible 
matter  is  imbibed  by  the  parietcs  of  the  cavity^  and  so  transformed 
into  the  substance  of  the  body.  We  find  this  first  and  most  simple 
mode  of  nutrition  in  the  lowest  animals,  the  Infusoria^  the  Polypi,  the 
Acalepha,  and  many  of  the  intestinid  worms. 

The  digestion  of  the  food  can  only  be  perfectly  accomplished  when 
it  has  been  previously  adapted  thereto  by  the  secretions  of  peculiar 
organs,  which^  as  it  were,  kill  and  decompose  it.  Where  such 
auxiliary  organs  present  themselves  we  find  the  cavity  of  the  stomach 
more  complex,  longer,  and  tubular,  and  making  several  convolutions  in 
the  body.  The  first  of  the  secreting  organs  that  is  added  to  the 
digesting  cavity,  which  we  may  henceforth  call  the  intestinal  canal,  is 
the  liver,  which  is  a  glandular  body  that  pours  its  secretion  into  the 
anterior  half  of  the  intestine  beyond  the  stomach,  and  which  thereby 
renders  the  chyme  fit  for  absorption.  The  second  secreting  organs  are 
the  salivary  glands :  they  first  present  themselves  in  such  animals  which 
take  hard  food,  and  by  their  secretion  cause  the  transformation  of  the 
coarse  materials  into  a  uniformly  fluid  pap.  We  find  upon  this  grade 
of  the  development  of  the  digestive  apparatus  the  muscles,  snails, 
Crustacea,  Arachniday  Myriapodes,  and  insects.  Many  of  them  want 
the  salivary  glands;  many  have  a  multilobed  liver,  as  the  snails;  others 
have  a  small  one,  in  the  form  of  tubular  canals.  The  deficiency  of  an 
anus  is  a  rarity  in  this  grade  of  organisation,  but  we  however  find  it 
among  insects. 

Upon  the  third  and  last  grade  we  observe  not  only  the  preceding 
secreting  organs  both  more  perfect  and  numerous,  but  other  new  ones 
present  themselves,  some  of  which  pour  fiuids  into  the  intestine,  as  the 
pancreas;  and  others  rectify  the  absorbed  chyle,  as  the  milt  and  kidneys ; 
of  the  last,  however,  we  observe  occasional  prefigurations  in  the  snails 
and  insects,  lliis  most  perfect  development  of  the  digestive  apparatus 
is  found  in  the  Vertebrata, 

§  216. 

It  does  not  suffice  that  the  digestive  organ  should  thus  become  by 
degrees  more  perfect,  thereby  facilitating  the  separation  of  the  nutritive 
matter,  but  the  imbibed  and  decomposed  chyle  must  be  subjected  to 
another  change  before  it  can  be  transformed  into  the  organic  mass.  This 
change  is  produced  by  means  of  respiration,  a  function  which  consists 
in  adding  to  tlic  nutriment  a  new  substance  present  in  the  atmosphere. 
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viz.^  oxygen.  This  is^  as  it.  were,  a  second  repeated  killing  of  the 
nutriment,  or^  in  its  true  sense^  a  real  consuming  of  it.  Where  this 
consuming  attains  its  culmination  the  hlood  and  consequently  the  whole 
body  becomes  warm^  and  thence  arises,  at  least  chiefly,  the  uniform  heat 
of  birds  and  mammalia. 

A  distinct  organ  of  respiration  is  entirely  wanting  in  the  lowest 
animals,  viz.,  in  the  Infusoriay  Polypi^  AcalephtB,  and  many  of  the 
intestinal  worms ;  and  if  they  really  breathe  it  can  only  be  by  means 
of  the  exterior  int^ument,  in  the  same  way  as  the  internal  skin 
imbibes  the  nutrimental  juices  from  the  food.  The  first  instance  of  a 
true  respiratory  apparatus  speaks  in  favour  of  this  opinion,  for  where 
found  it  is  a  continuation  of  the  exterior  integument,  a  sort  of  tufted 
or  ramose  fold  of  the  skin,  which  projects  into  the  medium,  loaded  with 
oxygen.  Such  respiratory  organs,  which  are  called  branchiae,  we  find 
in  the  muscles,  the  majority  of  snails,  and  in  all  the  Crustacea,  and 
even  among  fishes  and  the  naked  amphibia,  either  throughout  their 
whole  lives  or  daring  the  time  they  remain  in  the  water.  The  respiratory 
organ  being  merely  at  one  part  of  the  body,  a  motion  of  the  juices  to 
this  spot  is  requisite,  and  thus  originate  the  vessels  as  new  organs  con- 
necting the  functions  of  the  intestinal  canal  and  branchiae.  Vessels 
must  consequently  be  found  in  all  animals  with  a  partial  respiratory 
apparatus,  and  they  may  therefore  be  deficient  in  such  as  have  this 
apparatus  universaUy  distributed. 

If  the  fold  of  skin  which  becomes  developed  to  the  respiratory  organ 
pass  inwardly,  it  is  then  called  not  gill,  but  lung  (pulmo).  The 
medium,  which  is  generally  the  air  that  contains  the  oxygen,  is  received 
into  the  lung,  wherein  the  oxygen  becomes  incorporated  with  the  nutri- 
tive fluid.  This  also  is  in  general  merely  partial,  and  then  consists  of 
membranous  bags,  which  in  its  highest  grade  of  organisation  consists 
of  a  web  of  small  cells,  that  by  d^ees  unite  into  common  ducts,  the 
last  and  largest  of  which,  the  trachea,  opens  outwardly.  Vessels  convey 
the  nutritive  fluid  (the  blood)  to  the  surface  of  these  cells  and  bags, 
and  by  means  of  other  vessels  it  is  conducted  hence  to  all  the  parts  of 
the  body.  These  organs  of  respiration  are  common  to  the  majority  of 
amphibia,  all  the  birds,  and  mammalia ;  their  first  indication  is  found 
in  the  pulmonary  Mollusca  and  in  the  Arachnida,  A  universally  dis- 
tributed lung,  the  analogue  of  the  similar  branchia,  would  require  no 
vessels,  as  the  oxydisation  of  the  nutritive  fluid  would  take  place 
everywhere.      We  also  absolutely  find   that  animals  whose   body  is 
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traversed  throughout  by  tracheae,  which  may  be  considered  as  separated 
pulmonary  passages^  are  deficient  in  a  vascular  system^  and  the  fra^ 
ment  of  it  which  is  present  more  serves  to  promote  a  motion  in  the  fluid 
that  decomposition  may  be  prevented  by  its  stagnating  during  repose. 
Such  animals  are  insects,  as  well  as  a  portion  of  the  Arachnida  and 
Myriapoda, 

We  have  thus  become  acquainted  with  the  general  mode  of  nutri- 
tion :  we  have  seen  that  it  requires  two  agents,  y\z,,  one  to  prepare  the 
nutritive  fluid  (the  intestinal  canal)^  and  another  to  make  it  organisable 
(branchiae,  or  lungs) ^  as  well  as  frequently  a  third  to  conduct  the  fluid, 
and  which  acts  as  a  connecting  member  between  the  two  others.  We 
will  now  investigate  in  detail  the  functions  of  these  three  agents  in 
insects  in  the  order  in  which  we  have  above  noticed  them. 

§217. 
I.  FUNCTION  OF  THE  INTESTINAL  CANAL,  DIGESTION. 

The  activity  of  the  digestive  organs  commences  with  the  reception 
of  food.  This  in  insects  takes  place  in  a  double  manner,  namely,  by 
biting  and  chewing,  or  by  the  suction  of  fluids. 

All  the  mandibulate  orders,  it  is  very  natural  to  suppose,  take  their 
food  by  manducation ;  consequently  the  Coleoptera,  Ortkoptera,  DiC" 
ti/oloptera,  Neuroptera,  and  a  portion  of  the  Hymenoptera.  In  them  the 
homy  mandibles,  which  move  horizontally  in  opposition  to  each  other, 
bite  the  portion  off  which  it  is  the  fiinction  of  the  labrum  to  retain,  thus 
holding  it  between  them ;  the  same  is  done  beneath  by  the  maxillae  and 
labium.  When  the  part  is  separated  it  passes  between  the  maxillae,  where 
it  is  readily  comminuted,  during  which  operation  it  is  held  by  the  labium. 
It  is  then  passed  to  the  posterior  parts  of  the  cavity  of  the  mouth, 
-whence  it  glides  down  through  the  pharynx  and  oesophagus  to  the 
stomach.  In  many  insects,  namely,  the  Coleoptera,  the  mouth  and 
pharynx  are  upon  the  same  plane,  so  that  it  merely  requires  to  be 
pushed  forward  to  get  into  the  stomach.  Such  beetles  as  the  Cora" 
bodea  and  Dj/tici  chew  but  little^  perhaps  from  their  possessing  a 
proventriculus  in  which  the  food  undergoes  a  second  comminution. 
They  also  feed  only  upon  flesh,  which,  as  in  the  carnivora  among  the 
mammalia,  requires  no  mastication  previous  to  its  being  swallowed. 
In  the  herbivora,  for  example,  the  grasslioppers,  particularly  of  the 
genus  Gryllus,  which  possess  no  true  proventriculus,  but  merely  a 
crop  provided  with  teeth,  the  food  is  longer  chewed.     The  pharynx 
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therefore  lies  higher  than  the  cavity  of  the  mouthy  and  the  meal  has  to 
describe  an  arch^  and  to  pass  over  the  internal  skeleton  of  the  head 
before  it  can  get  into  the  crop.  It  is  very  easy  to  convince  oneself  of 
the  continued  chewing  motion  of  the  broad  molar-shaped  mandibles  of 
these  insects,  and  in  which  the  maxillae  also  take  an  active  part.  They 
are  therefore  analogous,  both  in  this  respect  as  well  as  in  many  others^  to 
the  graminivorous  birds,  particularly  the  Gallina^  or,  to  indicate  a  higher 
parallelism,  to  the  ruminants  amongst  the  mammals,  only  that  their 
rumination  does  not  take  place  in  the  mouth,  but  as  in  the  birds,  in 
the  proven  triculus,  or  crop.  In  the  Lamellicomia,  Pelodea,  and 
Capricorns,  which  all  have  complete  oral  organs,  the  power  of  masti- 
cation decreases  in  proportion  to  the  decrease  of  the  proventriculus. 
Their  food  also  is  partly  more  fluid  and  more  decomposable,  so 
that  the  hairy  maxilbe  laps  it  up,  and  it  is  thus  readily  taken  into 
the  mouth.  A  striking  instance  of  this  mode  of  feeding  is  ex- 
hibited by  the  stag-beetle,  which,  as  is  well  known,  laps  up  the 
exuding  juices  of  the  oak,  and  for  this  purpose  is  provided  with  very 
hairy  maxillae.  In  the  onthophagous  Pctalocera  the  mandibles  exhibit 
an  analogous  form  adapted  to  their  purpose,  being  flat,  thin,  lamellate, 
or  rather  shovel-shaped,  to  take  up  their  thin  food  and  convey  it  to  the 
mouth.  The  Chrysomela  either  devour  leaves,  or  as  in  the  Galieruca, 
( G.  Alni,  Fiburni,  &c.),  sweep  oflT  the  pollen  of  flowers  with  their 
maxillee.  They  want  the  proventriculus,  and  consequently  their  food 
requires  to  be  masticated  in  the  mouth ;  but  as  they  bite  off  but  small 
pieces  the  chewing  is  of  shorter  duration.  This  is  the  case  also  with 
the  larvae  of  the  Lepidoplera,  which,  without  exception,  bite  and  chew, 
but  they  separate  such  small  pieces  that  they  can  swallow  them  without 
their  requiring  much  comminution ;  at  least  they  continue  biting  oflT 
fresh  pieces  without  stopping  to  masticate  that  already  in  their  mouths. 
The  masticating  Hymenoptera,  for  example,  the  Tenthredonodea  and 
Ichneutnons,  devour  the  pollen  of  flowers,  and  their  honey,  which  they 
lap  up  with  their  flat,  thin,  shovel-shaped  maxiUee,  or  else  bite  oflT  in 
larger  pieces  by  means  of  their  dentate  mandibles.  They  masticate 
certainly  but  slightly,  and  yet  they  want  a  proventriculus,  which  has 
always  more  or  less  relation  to  the  duration  of  the  mastication  of  the 
food.  The  Dictyoioptera  and  the  LibelMa  masticate  longer:  but 
they  are  predaceous,  and  devour  insects  which  they  capture.  For  this 
purpose  they  are  furnished  with  long  hook-shaped  mandibles  and  short 
but  broad  maxillae  armed  with  long  teeth.     It  is  distinctly  seen  how 
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they  masticate  small  insects  with  their  maxillfie>  swallowing  them 
gradually,  holding  their  bodies  the  while  with  their  mandibles.  The 
hard  parts,  namely^  the  wings  and  feetj  they  drop  after  they  have 
devoured  the  soft  body.  They  want  the  proventriculusj  and  therefore 
the  maxilke  completely  comminute  all  their  food.  The  Dictyolopiera 
tnallophaga  likewise  masticate,  as,  according  to  Nitzsch,  they  feed  upon 
the  down  of  feathers ;  they  want  the  proventriculus,  but  they  have  a 
large  crop,  in  which  tlieir  swaUowed  food  softens  for  a  time  and  is 
prepared  for  digestion. 

Upon  redudng  the  different  modes  of  mastication  of  insects  to  one 
general  view  we  shall  find  it  to  present  the  following : — 

Mandibulate  insects  devour, 

1.  Finn  materials,  which  they  bite  off  piecemeal^  and  which  are 

masticated. 

a.  Merely  in  the  mouth.     Libelluke, 

b.  Less  ia  the  mouth,  but  more  in  the  proventriculus.     Cava* 

bodea^  water  beetles,  and  Staphtflinu 

c.  Both  in  the  mouth  and  proventriculus.     Gryllu 

d.  Neither  in  the  mouth  nor  in  the  proventriculus,  as  the  latter 

is  wanting,  whereas  the  creature  bites  off  but  small  pieces, 
which  can  be  swallowed  entire.  The  caterpillars  of  the 
Lepidoptera;  the  CkryiomeLB, 

2.  Fluids  or  substances  which  easily  dissolve. 

a.  They  are  swallowed  as  separated  by  the  mandibles.  Oniko" 
phagcus  Pelalocera,  PeUodea,  Capricorns. 

h.  They  are  lapped  up  by  the  pencillate  maxille  and  sucked 
out  in  the  mouth.  Lucani,  Tenthredonodea,  Ichneumons. 

§  218. 

Many  kinds  of  sucking  approximate  to  this  last  mode  of  taking  food. 
The  Phrygana  make,  as  it  were,  the  passage  from  the  mandibulate  to 
the  haustellate  insects,  their  oral  organs  being  formed  wholly  upon  the 
typeof  themaadibulates,  although  they  only  take  their  food  by  suction. 
Their  mandibles  are  small,  and  entirely  unadapted  to  biting,  and  have 
the  appearance  of  two  little  knobs  at  the  base  of  the  labrum  (PI,  VI. 
f.  9.  a,  a),  whereas  the  upper  lip,  or  labrum,  is  long,  narrow,  lancet- 
shaped,  internally  canaliculated  (the  same,  f.  9.),  the  same  as  the  still 
longer  labium,  which  is  distended  at  its  extremity  into  a  spoon-shape 
(the  same,  f.  10.  d,) ;  with  it  the  two* jointed,  flat,  lobate  maxillse  (the 
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same,  c,  c.)  stand  in  dose  connexion^  as  well  as  tlie  four- jointed  max- 
illary palpi  (e,  e.),  at  the  base  of  these  maxilla?,  whereas  the  three- 
jointed  labial  palpi  hang  in  front  of  the  apex  of  the  labium  closely  to  the 
bone  of  the  tongue  (the  same,  f.  11.^^^).  We  consequently  find  all 
the  organs  of  mandibulate  insects,  and  yet  nothing  is  more  certain  than 
that  the  Phryganea  do  not  bite,  but  only  suck.  Their  food  consists 
of  the  sweet  juices  of  flowers,  and  we  meet  with  the  perfect  insect  only 
upon  flowers,  particularly  upon  the  umbeUiferce^  sifngenistcB,  nymphcie, 
and  similar  plants,  which  grow  in  the  vicinity  of  water,  whereas  the  larvae 
live  in  water  and  have  distinct  and  separate  manducatory  oi^ns,  and 
prey  upon  other  minute  water  insects. 

We  now  proceed  with  the  general  mode  of  taking  food  in  haustellate 
insects.  Their  oral  organs  are  thrust  into  the  material  which  supplies 
them  with  food,  and  is  sucked  by  means  of  the  sucking  stomach  through 
the  canal  formed  of  the  labrum  and  labium.  The  sucking  stomach, 
according  to  Ramdohr's  *  representation,  is  a  double  bladder-shaped 
appendage  at  the  lower  end  of  the  cesophagus.  When  distended  the 
air  within  it,  as  in  the  oesophagus,  is  rarefied,  which  causes  the  ascent 
of  the  juices  of  flowers  into  the  oral  tube ;  it  then  comes  into  the 
oesophagus,  which  swallows  it  into  the  stomach,  and  this  continues  so 
long  as  the  sucking  bladder  is  distended,  and  only  upon  its  contraction 
does  it  cease.  This  sucking  stomach  is  found  (see  §  103)  in  almost 
all  insects  provided  with  haustellate  organs,  and  by  its  distension 
the  ascent  of  the  liquid  nutriment  is  occasioned.  It  appears  to  be 
peculiar  to  haustellate  insects,  and  to  present  itself  in  this  form  in  no 
other  animals.  The  swimming  bladder  of  fishes  only  has  by  its  open- 
ing into  the  oesophagus  some  resemblance  to  the  sucking  stomach  of 
the  Dipterat  and  Treviranus  t  therefore  compares  it  with  that  organ» 
a  parallelism  which,  although  not  supported  by  the  functions  of  the 
two  organs,  yet  by  their  corresponding  situation,  form,  and  struc- 
ture deserves  consideration.  The  other  Dictifotoptera,  as  Hemerobius, 
Myrmecoleon,  Ascalaphus,  and  Semblis,  have  no  sucking  bladder,  and 
therefore  do  not  suck«  but  bite.  They  are  in  general  carnivorous,  and 
are  therefore  made  to  bite  and  manducate  their  food. 

The  wasps  and  the  bees  may  be  classed  next  to  the  Phryganea,  from 
their  mode  of  sucking  their  food.  The  conformity  is  greatest  in  the  wasps. 
Their  labium  and  maxillae  form  a  similar  apparatus,  but  they  are  pro- 

*  VerdaniingBwerkz.  PI.  XVI.  f.  2.  f  VrnniBchte  Schriftrn,  voL  ii.  p.  1 56.  &c. 
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portionally  longer,  and  project  beyond  the  anterior  four-lobed  portion 
called  by  entomologists  the  tongue.    At  the  base  of  the  labium  lies 
the  pharynx,  covered  by  a  triangular  valve,  which  Treviranus  *  calls 
the  second  tongue ;  but  it  is  impossible  that  this  valve  should  be  a 
tongue,  as  it  lies  over  the  orifice  of  the  pharynx,  and  evidently  serves 
to  close  that  organ,  comparable  in  form  and  function  to  the  uvula  of  the 
mammalia.    The  sucking  stomach  is  not  so  distinctly  separated  fr«m 
the  oesophagus,  but  rather  an  anterior  crop-like  distension  of  it  (see 
§  103),  and  into  this  crop  the  funnel-shaped  orifice  of  the  mouth  pro- 
jects.    When  it  distends  itself  this  orifice  of  the  stomach  approaches 
closer  to  the  upper  thinner  commencement  of  the  oesophagus,  and  the 
passage  of  the  food  into  the  stomach  is  thereby  promoted.     This  dis- 
tension also  causes  the  ascent  of  the  honey  into  the  oral  tJIbe,  and  when 
it  has  arrived  at  the  pharynx  deglutition  passes  it  on.     Trevimnus  has 
convinced  himself  of  the  correctness  of  considering  this  crop  as  a  suck- 
ing stomach,  as  well  as  of  its  corresponding  function,  or  at  least  of  that 
of  a  similar  appendage  to  the  oesophagus  of  the  majority  of  hanstellate 
insects,  by  dissecting  them  alive ;  he  always  found  this  bladder  empty, 
and  it,  as  well  as  the  pharynx,  in  a  peristaltic  motion,  or  interchanging 
distension  and  contraction,  which  was  likewise  observed  before  him  by 
Malpighi  f  and  Swammerdam  },  who,  however,  did   not  detect  its 
function.     According  to  Meckel  §  the  sucking  bladder  contains  also,  at 
least  in  the  Diptera,  fluids  of  difiPerent  colours ;  Ramdohr  ||  calls  it  a 
food  bag,  and  ascribes  it  exclusively  to  the  Dipiera,    But  whosoever 
shall  follow  Treviranus  in  his  description,  without  predilection  or  pre- 
conceived ideas,  must,  I  am  sure,  be  speedily  convinced ;  it  would  be 
absolute  obstinacy,  after  such  clearness  and  such  a  distinct  insight  into 
the  suctorial  apparatus  of  insects,  to  require  further  proofs ;  an  hypo- 
thesis which  explains  everything  is  no  longer  an  hypothesis  even  if,  as 
however  is  not  the  case  here,  it  is  not  supported  by  observation. 

Let  us  turn  to  the  bees,  in  which,  with  a  very  similar  form  of  the 
oral  apparatus,  it  is  however  more  difficult  to  comprehend  their  mode 
of  sucking.  Instead  of  a  lobate  tongue  we  find  in  the  bees  a  long,  fili- 
form, hairy,  hollow  proboscis,  which  at  its  base  has  two  membranous 
lobes  (Latreille's  ParaglosstB,  PL  VI.  f.  7*  a,  a.)  ;  the  aperture  of  the 

•  VermisGhte  SchrifVen,  vol.  ii.  p.  1 34. 

"Y  Opera  Omnia,  Lugd.  Bat.  1687,  torn.  ii.  p.  44. 

t  Diblia  Naturv,  p.  138.  a.  §  Vergl.  Anat.  vol.  iv.  p.  92. 

II  Abhand.  iiber  die  Verdauungfswerkz.  p.  II. 
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mouth  or  pharynx  likewise  lies  at  the  base  of  this  proboscis  covered  by 
a  valve,  as  in  the  wasps.  From  it  the  simple  proboscis  passes  on  to  the 
stomachy  distending  in  front  of  the  latter  into  the  sucking  bladder.  A 
peculiar  vessel  originates  from  the  canal  of  the  proboscis^  the  course  of 
which  indeed  Treviranus  could  not  completely  follow,  but  which  pro- 
bably passes  beneath  the  cerebellum  and  opens  into  the  oesophagus ; 
the  ducts  of  the  salivary  glands  also  appear  to  open  into  the  oesophagus. 
Treviranus  therefore  considers  that  this  canal  within  the  proboscis  is 
the  organ  which  imbibes  the  nectar,  but  he  passes  over  in  silence  the 
fiinction  of  the  mouth,  or  orifice  of  the  pharynx.  If,  however,  I  shall 
not  undertake  to  question  the  justice  of  his  remarks  without  adequate 
investigation,  it  yet  strikes  me  as  evident  that  the  oral  aperture  or 
orifice  of  the  pharynx  must  have  some  particular  and  important  relation 
to  the  mechanism  of  nutrition,  perhaps  harder  and  larger  particles  of 
food,  such  as  the  grains  of  pollen,  are  swallowed  by  it,  or,  which  is  yet 
more  probable,  that  the  honey,  which  the  neuter  bees  are  known  to  cast 
up,  is  rejected  through  this  aperture. 

The  suctorial  apparatus  of  the  Lepidoptera  differs  still  more  widely. 
Their  oral  organs  consist  of  two  spirally  convoluted  hollow  probosces, 
which  represent  the  maxillae  of  other  insects  (see  the  detailed  descrip- 
tion of  these  organs  at  §  70).  Into  each  of  these  sucking  tubes  a 
branch  of  the  furcate  oesophagus  opens  (§  102).  This  itself  is  a  nar- 
row tube,  which  becomes  the  stomach  at  the  commencement  of  the 
abdomen  ;  and  here,  closely  in  front  of  this  transition,  it  has  a  simple  or 
double  sucking  bladder.  The  two  probosces  form,  united,  a  central  canal, 
into  which  the  ducts  of  the  salivary  glands  open.  In  these  insects 
therefore  the  simple  oral  orifice  has  entirely  disappeared,  instead  of 
which  we  find  two  proboscideal  sucking  mouths,  through  which  the 
nectar,  which  is  the  universal  food  of  the  Lepidoptera,  ascends,  by  the  aid 
of  the  sucking  bladder,  and  by  means  of  the  above  described  mechanism. 
Another  corroboration  of  the  correctly  supposed  function  of  the  bladder, 
and  of  its  connexion  with  the  business  of  sucking  the  aliment^  is  found 
in  its  being  very  small  in  those  Lepidoptera  which  have  a  short  conical 
proboscis,  as  in  Euprepia  caja  and  Cossus  ligniperda,  whereas  in  the 
butterflies,  which  have  a  long  proboscis,  and  also  in  the  sphinges,  it  is 
of  large  compass. 

The  proboscis  of  the  Diplera  has  been  already  above  (§  70)  amply 
described  ;  and  we  have  also  learnt  from  the  anatomical  description  of 
the  intestinal  canal  (§  103)  that  they  have  a  large  sucking  bladder. 
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which  opens  into  the  oesophagus  through  a  long  narrow  canal.  Conse- 
quently they'  suck  their  fluid  aliment  in  the  same  manner.  The  sets, 
which  lie  in  the  sheath  of  the  labium,  are  thruHt  into  the  substance 
which  thej  suck,  moving  up  and  down  like  a  pump  during  the  opera- 
tion, and  thus  the  fluids  ascend  into^  the  stomach  by  the  alternating 
distension  and  contraction  of  the  sucking  bladder.  If  we  attentively 
observe  a  gnat  or  fly  thus  occupied,  the  opposed  motion  of  the  sets  may 
be  distinctly  seen,  and  we  also  detect  that  the  blood  does  not  flow  in  a 
continued  stream,  but  at  distinct  intervals;  so  that  when  the  gnat  has 
swallowed  a  drop  a  fresh  drop  follows  it,  but  there  is  a  momentary 
cessation  of  the  operation  between. 

The  flea  and  the  Diptera  pupipara  do  not  possess  this  sucking 
Uadder,  and  their  proboscis  differs  by  not  possessing  the  lower  fleshy 
sheath  ;  they  hereby  approximate  to  the  Hemiptera^  whose  rostrum  is 
articulated,  and  they  likewise  have  no  sucking  bladder.  According 
to  Treviranus  *  the  setse  (see  §  70),  of  which  their  rostrum  is  formed, 
are  hollow,  and  vessels  originate  from  their  cavities  which  open  into  the 
first  stomach  by  means  of  narrow  canals  (see  PL  XX.  fp  3.) ;  the  ceso- 
phagns  itself  opens  into  or  beneath  the  tongue,  seated  between  the  setas, 
whither  also  the  ducts  of  the  salivary  glands  pass.  He  therefore 
assumes  that  the  liqaid  ascends  the  hollow  sets,  as  in  capillary  tubes, 
and  passes  into  the  stomach  through  the  vessels.  I  consider  this  opinion 
doubtful,  as  it  appears  to  me  too  mechanical,  for  hereby  the  oesophagus 
would  become  superfluous,  and  particularly  as  the  Hemipiera  thus 
imbibe  their  food  throughout  their  whole  lives.  I  should  prefer  oon- 
aidering  the  lateral  distension,  which  is  found  at  the  commencement  of 
the  stomach  in  many  bugs,  and  the  pyriform  distension  at  the  end  of 
tiie  oesophagus,  into  which  the  second  stomach  returns,  as  the  analogue 
of  the  sucking  bladder,  and  thus  suppose  in  them  a  mechanism  cod- 
Iprmable  to  that  found  in  the  other  orders.  Ramdohr  also,  who  has 
figured  the  intestiAes  of  many  bugs,  never  found  tubes  conducting 
ham  the  sets  to  the  stomach. 

§219. 

Their  own  variety  conforms  tolerably  with  the  various  modes  of  their 
taking  food.  Thus  naturally  fluid  aliment  can  only  be  imbibed,  and 
Hhat  which  is  of  a  Ann  consistency  must  be  bitten  oflT  and  masticated. 

*  JbuuOoD  der  Wettamuchen  Cktellaeh.  f.  d.  Oes.  Nat  I.  2,  p.  171. 
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But  more  important  than  these  differences,  derived  from  the  external 
quality  of  their  nutriment,  are  those  which  refer  to  their  being  either 
of  vegetable  or  animal  origin.  Thus  the  food  of  insects  may  be  divided 
into  two  groups,  so  that  we  can  class  it  into  four  different  kinds,  each 
of  which  again  admits  of  subdivision,  according  to  whether  it  be  fresh 
or  whether  putrefaction  have  already  commenced,  which  we  thus 
arrange  i-^ 

I.  From  substances  requiring  comminution.     These  are, 
1.  Of  the  Animal  Kinodoii,  and  are, 

a.  Fresh  and  unoomipted,  and  generally  consisting  of  living 
individuals  obtained  by  force. 

The  predaceous  beetles,  viz.,  the  Cicindela,  CaraboHea, 
Hydrocantharif  and  Staphtflini,  support  themselves  by  this 
kind  of  food.  All  devour  other  insects,  chiefly  larvs,  which 
they  obtain  by  capture,  or  the  flesh  of  dead  and  fresh  verte- 
brata  to  which  they  can  procure  access.  Some,  as  the  Dytici, 
are  said  to  attack  living  fish,  and  eat  out  their  eyes ;  others, 
as  Hydrophili,  devoiur  the  spawn  of  fishes  and  frogs,  and 
even  such  young  frogs  and  tadpoles  as  they  can  master. 
&.  Animal  substances  in  which  putrefaction  has  already  com- 
menced, particularly  carrion. 

The  laige  family  of  carrion  beetles  {Peltodea),  especially 
feed  upon  such  substances.  Their  larvae  live  wholly  in  pu- 
trescent vertebrata,  and  devour  their  flesh,  and  the  perfect 
insect  also  derives  its  nutriment  from  it.  The  burying 
beetle  (^Necrophorus)  buries  small  vertebrata,  depositing  its 
eggs  in  their  body ;  thus  innumerable  carcases  are  destroyed. 
Smaller  beetles,  for  example,  the  Aleochara,  many  Sla^ 
pkylini,  Corynetes,  &c.  assist  them  in  this  business.  Others, 
again,  consume  only  the  dried  skins  of  animals  and  their 
clothing,  as  the  fur  beetles  {Dermestodea)  and  the  dothea 
moths  {Tinea peUiofieUa,  &c.). 
c.  Excrementitial  substances,  animal  excrements. 

The  majority  of  onthophagous  insects  are  extremely  fond 
of  the  excrements  of  the  herbivora.  But  this  cannot  be  con- 
sidered as  distinctly  animal  or  vegetable  matter,  but  as  an 
intimate  mixture  of  both;  therefore  all  beetles  which  devour 
such  excrements  are  fed  upon  both  animal  and  vegetable 
substances.  To  these  belong  all  the  onthophagous  Peialocera, 
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vis.^  Coprisy  Onthophagus,  Ateuehtts^  Gymnopleumsy  Onitis, 
Aphodius,  and  many  others ;  tben  the  Hislerodea,  many 
Siaphylinif  the  genus  Spheridium,  as  well  as  the  lame  of 
innumerable  Culices  and  flies.  But  as  these  substances  have 
considerable  affinity  with  carrion,  and  the  onthophagous 
insects  with  the  Peltodca,  many  species  of  both  kinds  feed 
indiMnaiinately  upon  both  substances. 
2.  From  the  vsobtaalb  kingdom. 
a.  Corrupt  vegetable  subsCuKes. 

Many  insects  live  upon  the  rotten  portions  of  trees,  as  the 
larvae  of  Lucanus  and  Orycies ;  others  devour  the  corrupt 
substances  which  are  deposited  beneath  the  bark  of  dead 
trees,  for  example,  HypophUus,  Engis^  Diiama^  Colydiumy 
Rhyzophagus,  and  other  genera  of  this  family.  The  larvee 
especially  appear  to  derive  their  nutriment  from  such  cor- 
rupting, fermenting,  or  decomposed  portions  of  plants. 
Lastly,  according  to  Reaumur*,  the  larvae  of  the  Tipula 
feed  upon  earth  only,  but  it  is  doubtlessly  the  v^table 
extract  which  is  mixed  with  the  mould,  and  which  is  pro- 
duced by  annual  plants  that  putrify  yearly,  and  from  the 
fallen  leaves  of  others,  that  constitutes  their  nutriment, 
which  during  digestion  is  taken  up  from  the  earthy  matter. 
h.  Fresh  vegetable  substances. 

These  yield  doubtlessly  the  most  nutriment.  Some  insects, 
as  the  larvae  of  Melolontha,  gnaw  the  roots  of  plants;  others 
devour  and  bore  into  the  hard  stem;  to  those  belong  the 
Plini,  Anohia,  and  in  general  the  entire  family  of  Deperdi' 
tora,  the  Cerambycina,  and  the  bark  beetles  Hylesinusy 
Basirichus,  Apaie^  &c.  Others  again,  and  by  far  the 
majority,  consume  fresh  leaves,  for  example,  almost  all  the 
caterpillars  of  the  Lepidapiera,  the  larvie  of  the  Chrygo^ 
tnelina,  even  the  perfect  beetles  of  this  family,  and  the  grass- 
hoppers. Others  again,  the  larva  of  Noctua  Tanaceti,  Arte^ 
misia,  &c.,  feed  only  upon  the  petals  of  flowers,  many  upon 
pollen  only  and  the  internal  parts  of  flowers ;  very  many, 
lastly,  feed  exclusively  upon  ripe  fruits,  as  the  fruit  moth 
{Tinea  £Carpocapsay  Tr.]  pomana,  Pyralis pomana^  Fab.,  or 

*  Mem.  torn.  t.  p.  1.  pages  14, 15,  edit  in  12mo. 
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upon  seeds.     To  these  the  larvae  of  the  Curculios  especially 
have  recourse.  The  Apiotijrumentarum  and  black  Calandra 
granaria  have  acquired  a  fearful  celebrity  from  this  circum- 
stance ;  the  nut  weevil  also,  Balaninus  nucum,  which  bores 
the  kernel  of  the  hazel,  and  the  cherry  weevil,  Anthonomus 
.  druparum,  which  devours  the  kernel   of  the   sour   cherry 
{Prunus  cerasus),  and  which   are  frequently  found  fully 
developed  in  cherry-stones,  are  well  enough  known. 
II.  Fluid  aliments  which  are  taken    up  by  suction  or  lapping. 
These  are, 
1 .  From  the  animal  kingdom,  and  consist  of, 
a.  Fresh  animal  juices. 

These  substances  support  the  majority  of  toothless  parasites 
which  are  distributed  upon  all  the  warm-blooded  animals. 
They  consist  of  all  true  lice  and  bed  bugs,  which  imbibe  only 
blood.  Some  are  parasites  only  during  certain  portions  of 
their  lives,  for  example,  the  flea  and  tlie  Dipiera  pupipara 
in  their  last  stage ;  others,  as  (Estrus  and  the  Ichneumons, 
only  as  larvae.  The  remarkable  Rhiphidoptera  also  are  para- 
sites chiefly  as  larvae,  for,  inserted  between  the  abdominal 
segments  of  many  wasps  and  bees,  they  project  into  the 
abdominal  cavities) of  these  insects,  but  push  their  heads 
outwardly.  It  is  still  uncertain  how  they  feed.  The  perfect 
winged  insect  appears  not  to  be  a  parasite.  The  Ichneumons 
have  a  similar  mode  of  life,  for  they  live  as*  larvae  in  the  larvae 
of  other  insects,  and  are  fed  by  their  ht ;  but  subsequently, 
when  they  are  full  grown,  they  attack  the  nobler  organs,  and 
thereby  kill  them.  The  perfect  winged  insect  sucks  the 
juices  of  flowers.  Other  genera,  which  are  parasitic  as  larvae 
upon  insects  and  cold-blooded  animals,  are,  in  the  Coleoplera, 
Drilus,  which  is  parasitic  upon  snails,  and  S^nbius,  Sund.^ 
whose  larva  feeds  upon  cockroaches.  The  parasitic  state  of 
the  larva  of  Meloe  is  still  more  remarkable,  it  lives  upon 
bees  only  until  its  first  moult,  and  in  this  state  has  been 
formed  into  the  apterous  genus  Triungulinus,  by  Desmoulin  ; 
it  is  probable  that  it  subsequently  goes  into  the  earth,  and 
lives  upon  the  roots  of  plants.  There  is  a  beauty  in  the 
almost  constant  law  which  makes  the  parasites  of  warm- 
blooded animals  so  during  their  whole  lives,  and  they  there- 
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fore  always  remain  apterous^  whereas  those  of  insects  and 
mollusca  are  parasitic  only  as  larvae^  and  acquire  wings  after 
quitting  this  mode  of  life.  The  former  belong  in  general  to 
orders  with  an  imperfect  metamorphosis,  and  the  latter  to 
those  with  a  perfect  transformation.  The  remarkable  genus 
Brauloy  discovered  by  Nitzsch^  which  most  probably  belongs 
to  the  family  of  Diptera  pupipara,  and  which  is  parasitic 
upon  the  honey  bee,  makes  an  exception;  it  is  parasitic 
during  its  whole  life  upon  cold-blooded  creatures,  but  is 
also  apterous,  wherieas  the  allied  genera  Hippobosca  and 
Omithomya,  although  dwelling  upon  warm-blooded  ones,  yet 
have  wings.  There  are  many  other  insects  besides  the  para- 
sites which  feed  upon  animal  juices,  for  example,  the  AsUica^ 
which  seize  other  insects,  and  by  means  of  their  long  proboscis 
suck  out  all  their  juices ;  the  Tahanica,  which  sting  men  and 
animals,  and  derive  sustenance  from  their  blood,  besides  many 
genera  and  species  of  ^the  numerous  family  of  gnats,  for 
example,  Culex,  Ceratopogon,  as  well  as  the  allied  genus 
Simulia;  lastly,  the  larvse  of  the  Dytici,  which  suck  out 
insects,  like  spiders,  by  means  of  their  large  hollow  mandibles, 
which  are  opened  at  their  apex :  the  only  analogy  among 
perfect  insects  to  this  structure  of  the  mandibles  is  to  be 
found  in  the  hollow  proboscis  of  the  Lepidoptera,  whereas 
in  the  spiders  it  is  the  usual  and  most  common  form. 
I.  Corrupt  animal  juices. 

These  are  the  same  as  those  mentioned  under  I.  1.  6.,  viz., 
the  impure  juices  of  carrion  and  dung ;  they  are  voraciously 
sucked  up  by  many  flies,  for  instance,  Musca  Casar,  ScatO" 
phaga  pulris,  Scybalaria,  &c.,  and  are  even  lapped  up  by  the 
Coleoplera,  whose  oral  organs  are  less  adapted  to  manduca- 
tion,  as  was  fully  shown  in  the  preceding  paragraph. 
2.  From  the  vegetable  kingdom. 

a.  Fresh  vegetable  juices  are  sucked  up  by  many  insects,  viz., 
the  Cicada,  bugs,  and  AphidoB,  as  well  as  the  species  uf 
Chermes  and  Coccus,  The  majority  pierce  young  one-year 
shoots,  and  thereby  so  exhaust  them  that  they  die,  particu- 
larly when,  as  in  the  Aphides^  they  are  found  in  hosts  upon 
one  shoot.  Almost  each  species  selects  a  distinct  plant,  and 
it  is  frequently  the  case  that  they  are  to  be  found  upon  that 
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alone.  The  same  is  the  case  with  the  parasites^  particnlarly 
the  constant  ones,  whereas  those  which  are  merely  partially 
so>  for  instance,  the  gnats,  the  flea,  &c.,  frequent  all  the 
warm-blooded  mammalia  of  various  families  and  orders.  The 
partial  parasites  of  insects  and  the  MoUusca  are  also  found 
tolerably  limited  to  one  species,  or  at  least  to  but  few,  but 
two  or  three.  Few  animals  are  so  much  restricted  to  one  and 
the  same  kind  of  food  as  insects.  Thus  the  leaf-consuming 
caterpillars  have  generally  each  its  distinct  plant,  and  indeed 
some  are  so  scrupulous  that  they  reject  all  other  plants,  and 
will  even  starve  to  death  rather  than  touch  any  but  their 
usual  food.  Besides  the  crude  unprepared  juices  which  are 
found  in  the  stem  the  more  fully  developed  ones  of  the  flower 
yield  nutriment  to  many  insects.  All  the  Lepidoptera,  with- 
out exception,  suck  the  nectar  of  blossoms,  the  same  with  the 
wasps,  bees,  and  many  other  Hymenopteray  and,  lastly,  among 
the  Diptera,  the  Bomhylodea,  and  Syrphodea,  but  they  do 
not  restrict  themselves  to  certain  plants,  but  frequent  all,  and 
those  which  are  the  richest  in  honey  are  tlie  most  agreeable  to 
them.  Some,  as  the  wasps,  lap  also  the  fresh  juices  of  ripe 
fleshy  fruits,  particularly  those  which  are  sweetened  by  the 
influence  of  the  sun  upon  a  wounded  part. 

We  may  also  here  briefly  state  that  many  beetles,  for 
instance,  the  Leptura,  Coccinelke,  &c.,  lap  the  honey  of 
flowers,  and  that  others  prefer  the  crude  juices  of  the  stem, 
as  Lucanus,  &c  that  of  the  oak. 
b.  Corrupt  vegetable  substances. 

There  are  not  many  insects  which  resort  to  these.  If  we 
did  not  here  include  the  juices  produced  by  the  rapid  putre- 
faction  of  fungi,  or  the  in  general  almost  fermenting  juices 
of  mature  fungi,  upon  which  the  larvae  and  perfect  insects  of 
the  numerous  family  of  Mycetophthires  feed,  we  should 
scarcely  find  genera  that  have  recourse  to  such  nutriment. 

§  220. 

The  first  change  of  the  food,  and  which  is  as  it  were  a  preparation 
for  digestion,  takes  place  during  the  mastication  or  sucking  by  the 
intermixture  of  the  secretion  of  the  salivary  glands.  These  organs,  as 
we  find  at  §  112,  are  found  in  all  haustellate  and  many  mandibulate 
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I,  particularly  in  those  which  feed  upon  vegetable  substances,  they 
secrete  a  peculiar  whitCj  frequently  perfectly  hyaline  fluids  which  appears 
to  be  of  an  alkaline  nature^  and  becomes  intermixed  with  the  food  in  the 
mouth  itself.     This  intermixture  has  a  threefold  purpose,  namely, 

1.  The  mechanical  dilution  of  the  nutriment.  This  attenuation  is 
the  more  necessary,  particularly  in  such  insects  which  feed  upon  hard 
Tegetable  substances,  from  their  containing  very  generally  but  little 
moisture^  and  their  comminution  in  the  mouth  must  necessarily  be  more 
difficult  than  when  the  food  consists  of  soft  animal  substances.  Thus 
bj  manducation,  and  being  mixed  with  the  saliva,  it  becomes  changed 
into  a  thick  pap,  upon  which  the  stomach  can  more  easily  act.  The 
grasshoppers,  Grylli,  larvae  of  the  CapricorHs^  the  wood  borers,  and  the 
caterpillars  of  the  Cosaut,  appear  especially  to  require  this  mechanical 
attenuation  of  the  food,  from  its  generally  consisting  of  hard  wood. 

2.  The  chemical  effect  of  the  saliva  upon  the  nutriment  is  still  more 
apparent.  The  saliva,  by  its  very  constitution,  is  a  poison  which  as  it 
were  kills  the  food,  depriving  it  of  its  natural  living  quality,  and 
thereby  transforming  it  into  a  scalded  state.  This  is  proved  by  the  bite 
of  poisonous  serpents,  whose  poison  is  nothing  else  than  the  saliva 
secreted  by  peculiar  glands.  According  to  Humboldt  *  the  saliva  of 
serpents  alone  suffices  to  change  the  flesh  of  recently  killed  animals 
into  a  gelatinous  substance,  and  they  therefore  lick  their  prey  all  over 
before  they  swaUow  it.  The  saliva  of  insects  has  a  similar  effect. 
Immediately  after  swallowing  and  the  intermixture  with  the  saliva  in 
the  month,  the  green  leaves  upon  which  caterpillars  feed  lose  their 
bright  colour  and  acquire  by  degrees  a  darker  dirty  colour,  resembling 
that  of  boiled  v^etables.  The  puncture  also  of  blood-sucking  insects 
convinces  us,  most  distinctly,  by  the  pain  of  the  wound,  of  the  corrosive 
effects  of  the  saliva,  and  the  inflammation  attendant  upon  it,  of  its 
transforming  power. 

3.  The  dynamical  effect  of  the  saliva,'under  which  we  understand  its 
faculty  of  changing  the  food  into  that  state  that  the  requisite  nutri- 
mental  substances  can  be  separated  from  it.  It  therefore  requires  no 
further  proof,  for  it  is  evinced  by  too  many  experiments  that  the  saliva 
does  not  always  act  in  the  same  way,  but  that  its  effects  are  different  ac- 
cording to  the  differences  of  individuals ;  consequently  a  variety  of  insects 
may  feed  upon  the  same  materials  and  yet  produce  very  different  effects 

*  Anakbt  der  Naiur.  torn.  i.  p.  141. 


3W  PHYSIOLOGY. 

from  the  action  of  the  salira  and  the  other  fluids  whidi  flow  into  the  sto- 
mach: for  example,  the  true  Cantharides  (Lytia  vesicatoria)  and  Sphin* 
Liguslri  feed  upon  the  same  plants  viz.^  Ligustrum  vulgar e,  Lin.,  and 
yet  in  the  Sphinx  we  do  not  find  the  least  trace  of  the  blistering  prin- 
ciple which  80  greatly  distinguishes  the  Spanish  fly.  And  this  is 
peculiar  also  to  other  species  of  Spanish  flies,  which  however  feed  upon 
very  different  plants,  and  in  the  most  distinct  climates.  With  respect 
to  the  puncture  of  blood -sucking  insects,  everybody  knows  the  differ- 
ence of  its  effects  from  different  insects.  The  puncture  of  the  bed  bug 
(Acanthia  lectularia,  Fab.)  leaves  behind  it  a  small,  whitish,  projecting 
swelling ;  that  of  the  flea  a  spot  made  red  by  the  wound,  but  which  is 
not  painful.  The  puncture  of  our  water  bugs  is  painful;  for  example^ 
the  Nolonecta,  Naucorh,  and  Sigara,  the  pain  of  which  must  espe- 
cially be  attributed  to  the  saliva  which  is  inserted  in  the  wonnd.  Thia 
is  the  case  also  in  the  puncture  of  the  common  gnat,  for  the  mechanical 
injury  is  too  trifling  to  produce  such  sensible  pain.  How  very  different 
however  is  the  inflammation  after  the  puncture  of  this  creature  than  in 
the  before  named  insects.  The  difference  in  tropical  insects  is  still 
greater.  St.  Pierre,  in  his  voyage  to  the  Mauritius,  relates  an  instance 
of  a  bug  whose  puncture  produced  a  swelling  of  the  size  of  a  pigeon's 
egg,  which  lasted  five  days*.  The  large  exotic  Tahani  also  cause 
severe  inflammation  by  their  punctures,  as  Kirby  and  Spence  have  shown 
in  an  instance ;  with  us  also  the  species  of  the  genera  Chrygops  and 
Hipmaiopota,  of  the  family  of  the  Tabani^  make  painful  punctnrea. 
The  sting  also  of  the  smaller  genera  of  CuUces  are  sometimes  very 
painful,  as  that  for  instance  of  the  notorious  Simulue,  particularly  when 
the]^  attack  man  and  animals  in  hosts ;  by  the  multitude  of  their  stings 
they  then  set  the  skin  in  such  an  inflamed  state  that  it  produces  severe 
illness,  which  frequently  terminates  in  death.  The  same  may  be  said 
of  the  mosquitos,  which  are  small  Culices  that  belong  probably  to  the 
same  genus,  and  which  between  the  tropics  are  complete  pests  by 
reason  of  the  intolerable  itching  produced  by  their  punctures.  The 
anthrax,  or  pustula  maligna,  which  has  been  occasionally  observed  to 
arise  after  the  puncture  of  an'-insect  is  scarcely  to  be  considered  as  the 
consequence  of  its  mere  puncture,  but  of  a  poisonous  lymph  that  has 
probably  still  adhered  to  the  proboscis  of  such  a  fly,  which  immediately 
before  may  have  punctured  a  diseased  animal.    The  puncture  therefore 

*  Kirby  and  Sponce,  Introduction,  to),  i.  p.  171. 
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of  a  particular  species  of  fly  cannot  be  considered  as  tbe  cause  of  tins 
malady. 

These  three  different  qualities  of  the  saliva  do  not  present  themselves 
separately,  but  more  or  less  contemporaneously.  The  vegetable  fibres 
are  by  its  admixture  softened  and  loosened,  then  chemically  changed 
and  made  tender,  or,  as  it  were,  scalded,  and,  lastly,  by  its  intimate 
incorporation  it  is  rendered  fit  for  assimilation  and  digestion.  After 
this  preliminary  change  a  second  comminution  takes  place  in  the  crop 
when  this  organ  exists.  We  consequently  find  among  the  mandibulate 
insects  salivary  glands  only  in  such  species,  genera,  and  fisimilies,  which 
are  more  or  less  strictly  herbivorous,  for  example,  the  grasshoppers, 
GryUi,  Termites,  and  they  are  entirely  deficient  in  the  carnivorous 
ones.  In  them  the  larger  quantity  of  gastric  juice  that  is  secreted 
supplants  the  function  of  the  saliva,  whence  it  is  that  their  intestine 
beyond  the  crop  is  beset  with  a  multitude  of  blind,  doubtlessly  gland- 
ular, appendages ;  and  even  if  such  appendages  are  found  in  the  herbi- 
vora,  for  example,  in  the  grasshoppers  and  others,  they  are  fewer  in 
number  and  smaller  in  size.  Where  both  salivary  vessels  and  these 
appendages  are  wanting  the  long  stomach  is  then  entirely  covered 
with  glands,  as  in  Hydrophilut.  In  haustellate  insects  the  saliva 
attenuates  the  imbibed  juices  and  becomes  intermixed  with  it  in  the 
process  of  sucking.  Thus  in  the  bees  the  salivary  duct  opens  into  the 
same  duct  through  which  the  honey  is  sucked ;  in  the  Lepidoptera^ 
through  the  central  canal  which  is  formed  by  the  union  of  the  two 
proboBces,  and  it  drops  down  out  of  this  dbannel  whilst  the  insect  is 
sucking.  Reaumur  and  Treviranus  have  both  seen  it  &11  in  drops. 
In  the  Hemipiera  and  flies  it  also  opens  into  the  proboscis,  probably 
here  also,  as  in  general,  beneath  the  tongue ;  by  means  of  it  the  hard 
sets  are  kept  constantly  lubricated,  which  facilitate  their  reciprocal 
motion.  It  is  also  intermixed  with  the  imbibed  nutriment  in  the 
mouth,  it  kills  and  scalds  it,  and  thus  prepares  it  for  digestion,  which 
then  next  takes  place  in  the  long  or  subdivided  stomach.  In  the 
Cicada  and  bugs,  the  majority  of  which  imbibe  crude  vegetable  juices, 
this  preparation  for  digestion  is  of  considerable  importance,  and  we 
therefore  find  in  them  very  large  salivary  glands. 

§  221. 

The  remaining  function  of  digestion,  subsequent  to  manducation  and 
the  intermixture  of  the  saliva,  is  exhibited  less  uniformly  in  insects  than 
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the  functions  just  indicated.  The  most  striking  differences  have  already 
been  exhibited  in  the  remarkably  divaricating  form  of  the  stomach. 
These  divarications  admit  of  beings  as  well  as  their  functions^  classed 
into  the  following  three  chief  heads : — 

A.  The  digestion  of  pibXj  parti j  amma],  paitij  vegetable  sub- 

stances.   These  take  place, 

a.  By  the  aid  of  a  crop, 

b.  Without  a  crop. 

B.  The  digestion  of  liquid  substances  always  takes  place  with- 

out the  assistance  of  a  crop. 

The  form  of  the  intestinal  canal  is  thence  adapted  as  far  as  the 
opening  of  the  biliary  vessels^  and  we  therefore  find 

In  the  FIRST  case  a  crop,  a  proventriculus,  and  a  stomach,  but  which 
we  shall  call  henceforth  the  duodenum,  as  it  corresponds  in  function 
with  that  organ  of  the  higher  animals.  In  a  thus  formed  intestine  the 
hardest  animal  and  vegetable  substances  are  digested. 

In  the  SBCOMD  case,  in  which  the  proventriculus  is  wanting,  the  crop 
and  duodenum  are  united  in  a  single  narrow  and  equally  wide  tube, 
which  may  be  here  properly  called  the  stomach.  We  find  this  stomach 
in  all  insects  which  feed  upon  hght  vegetable,  or  even  corrupt  pappy 
animal  substances.  Sometimes  this  entire  stomach,  like  the  duodenum 
of  the  camivora,  is  throughout  shaggy. 

In  the  THIRD  case  a  true  proventriculus  is  indeed  wanting,  but  we 
sometimes  observe  an  analogous  form.  These  are  wholly  deficient  in 
the  Lepidoptera  ;  their  small  oval  food  bag  is  both  stomach  and  duo- 
denum, and  the  crop  is  changed  into  the  sucking  bladder.  In  cater- 
pillars the  long,  broad,  cylindrical  stomach  is  likewise  stomach  and 
duodenum,  but  the  crop  is  wanting.  The  same  is  the  case  in  the 
Diptera,  but  the  stomach,  together  with  that  portion  of  the  intestine 
forming  the  duodenum,  is  very  long,  round,  and  tubular.  The  Hymeno^ 
ptera  have  a  wide  crop,  which  serves  as  a  sucking  stomach,  a  fiinnel- 
shaped  orifice  to  the  stomach,  which  represents  the  proventriculus,  and 
a  tolerably  long  transversely  ridged  duodenum.  The  Hemiptera, 
lastly,  exhibit  again  all  three  divisions,  but  in  these  they  are  more 
widely  separated :  the  crop  is  the  first  brood,  purse-shaped  stomach ; 
the  proventriculus  we  again  find  as  a  thin  but  compact  muscular  tubular 
second  stomach ;  the  duodenum  is  thus  in  the  Cicadaria  the  narrow, 
but  in  the  bugs  wider,  transversely  ridged, -third  stomach,  which  is 
furnished  with  auxib'ary  ducts.     If  but  two  stomachs  are  present  the 
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middle  one«  or  proTenflikaliiQ,  it  wanting.  Thus  the  chylifying  por- 
tion of  the  intestine  is  formed  in  tW  aevcnl  crders  according  to  the 
difierencea  of  their  food ;  for  greater  detail  I  reJRer  to  §  lOS. 

If  we  now  investigate  the  digestion  of  solid  substances  by  £he  nriiU 
ance  of  the  proventriculus  we  shall  find  that  those,  when  of  the  animal 
kingdom,  are  swallowed  wholly  unchanged  but  in  pieces,  but,  when 
of  the  vegetable  kingdom,  they  are  already  much  comminuted  and 
intimately  mixed  with  the  saliva.  They  consequently  first  arrive  at 
the  large  crop  placed  in  front  of  the  proventriculus,  which  in  some 
cases,  as  in  the  Delict,  is  thickly  beset  internally  with  glands,  and  the 
superior  surface  of  the  internal  tunic  is  occupied  with  wrinkles,  homy 
lines,  and  teeth  (PL  XVII.  f.  5— 7-)*  The  secretion  of  these  glands, 
is  a  dark  brown  sharp  corrosive  fluid,  which  strongly  smells  like  Russia 
leather,  it  supplies  the  place  of  saliva,  envelopes  the  food,  makes  it  soft,  and 
thus  prepares  it  for  digestion.  The  food,  after  having  thus  remained 
a  short  time  in  the  crop,  advances  by  degrees  into  the  infundibuliibrm 
orifice  of  tlie  proventriculus,  and  thence  into  its  narrow  cylindrical  or 
star-shaped  cavity,  where  it  is  easily  comminuted,  and  transformed  into  a 
uniform  pap-like  consistency.  To  produce  this  we  observe  in  the  crop,  and 
particularly  in  the  proventriculus,  a  peculiar  motion,  which  consists  of 
an  alternating  expansion  and  contraction.  This  contraction  commences 
at  its  anterior  extremity,  and  gradually  advances  to  the  end  of  the 
proventriculus,  whilst  the  earlier  contracted  portion  again  expands.  It 
thus  greatly  resembles  the  progressive  advance  of  worms  and  footless 
larvae ;  it  is  called  the  peristaltic  motion.  It  is  most  distinctly  observed 
in  the  proventriculus,  which  also,  of  all  the  parts  of  the  intestine,  is  sup- 
plied with  the  largest  fasciculi  of  muscles  (§  104),  and  it  here  appears 
as  a  contraction  and  distension  of  its  internal  carity,  produced  by  its 
rhythmical  contraction  and  expansion.  By  means  of  this  contraction 
the  teeth  and  homy  plates  rub  against  each  other,  and  thus  grind  the 
food  into  a  simple  uniform  pap,  which  is  called  chyme.  In  this  state 
we  then  find  it  in  that  portion  of  the  intestine  lying  behind  the 
proventriculus,  which,  as  we  have  above  seen,  is  supplied  throughout 
or  partially  with  short  blind  appendages.  These  appendages,  according 
to  Render  *,  become  shortened  when  the  intestine  is  filled  with  food, 
and  they  then  appear  merely  as  lumps  upon  its  surface.  Its  contents  is 

*  PbynologiBche  Untenuchungen    ubcr  den  Tbieriechen   Haushalt    der    Iniektcn. 
Tubing.  1817,     8to. 
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a  thick  pappy  maKs,  which  melts  by  the  addition  of  acid,  and  on  the 
application  of  heat^  it  is  found  in  the  blind  appendages  as  well  as 
in  the  cavity  of  the  canal.  It  is  of  a  white  colour,  and  is  thereby 
distinguished  from  the  brown  nutriment  found  in  the  crop.  Ramdohr 
and  the  earlier  entomotomists  call  this  division  of  the  intestine^  behind 
which  the  biliary  vessels  open  themselves,  the  stomach ;  according  to 
Treviranus,  Joh.  Miiller,  and  Straus  Durckheim  *,  on  the  contrary,  it 
should  be  called  duodenum  f.  This  last  opinion  is  doubtlessly  the 
most  correct,  for  the  whole  business  of  chymifaction  is  already  over 
when  the  food  arrives  at  this  portion  of  the  intestine,  and  the  formation 
of  chyle  commences  here.  The  resemblance  of  the  crop  to  the  anterior 
stomach,  and  the  proventri cuius  to  the  muscular  stomach  of  birds,  is  so 
striking,  that  the  similar  situation  of  that  portion  of  the  intestine  behind 
the  muscular  stomach  would  oblige  us  to  consider  both  as  analogous 
forms,  even  were  all  other  resemblances  wanting.  The  chief  difference 
however  is,  that  the  biliary  ducts  do  not,  as  in  the  birds,  open  into  this 
division,  but  behind  it ;  but  in  lieu  of  which  other  secreting  organs, 
which  are  the  equivalents  of  the  pancreas,  namely,  the  blind  append- 
ages, are  found  around  its  entire  circumference.  •  Rengger  does  not 
consider  these  appendages  as  secretory  organs,  but  as  pockets,  whence 
the  lacteal  juice  is  more  readily  passed  into  the  ventral  cavity,  and 
because  chyme  is  also  found  in  them ;  but  that  is  also  found  in  the 
pyloric  caecum  of  fishes.  Their  abbreviation,  however,  upon  the  filling 
of  the  intestine,  is  not  an  objection,  but  it  merely  proceeds  from  the 
necessary  distension  of  the  intestine  produced  by  the  accumulation 
of  more  matter.  Another  reason,  however,  for  not  considering  that 
division  of  the  intestinal  canal  lying  behind  the  proventriculus  as  the 
stomach,  is  the  deficiency  of  a  peculiar  nerve  in  its  vicinity.  The 
nervus  sympathicus  descends,  we  know,  from  the  brain  to  the  pharynx, 
and  distributes  itself  upon  the  surface  of  the  crop,  with  several  branches 
and  ganglia,  similar  to  the  web  of  the  superior  animals.  But  if  there 
be  a  proventriculus  the  branches  of  the  nerves  suddenly  cease  in 
its  vicinity,  and  that  portion  of  the  intestine  lying  behind  the  pro- 
ventriculus receives  none ;  but  where  the  proventriculus  is  wanting  the 
nerves  are  distributed  only  at  the  anterior  portion  of  the  stomach,  and 
the  posterior  part  which  corresponds  with  the  duodenum  receives  none 

*  Se«  above,  §  105. 

-f*  The  true  duodenum  of  insects  is  the  villose  stomach,  or,  where  this  if  wanting,  the 
long  tubular  stomach  itself. 
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either.  These  nerves^  however,  are  a  main  condition  of  digestion^  and 
they  present  themselves,  especially,  at  the  stomach  and  anterior  stomach, 
hecause  it  is  the  most  active  portion  of  the  intestine  in  exercising  the 
function  of  digestion.  Both  comminute,  especially  the  proventriculus, 
the  remainder  of  the  intestine  absorbs;  a  considerable  interruption  of  the 
function  of  digestion  has  consequently  been  observed  in  the  superior 
animals  upon  the  scission  of  this  nerve. 

In  those  insects  which  possess  no  proventriculus  the  digestion  of  the 
food  is  effected  less  by  comminution  than  by  the  gastric  juice  found  in 
the  stomach.  It  also  appears  to  be  of  an  alkaline  nature,  at  least 
Ramdohr  observed  a  fermentation  upon  the  application  of  add,  and 
according  to  Rengger  it  stains  litmus  paper  of  a  brown  red;  and  according 
to  the  former  it  also  turns  paper  blue  which  has  been  previously 
stained  red  by  an  add.  Rengger's  experiments  upon  the  caterpillar  of 
Deilephila  Euphorbia  most  distinctly  convince  us  of  the  purely  che« 
mical  and  dynamical  transformation  of  the  food  in  the  stomach.  The 
form  of  the  small  bitten  pieces  of  the  leaf  remains  unchanged,  but  they 
were  somewhat  loosened,  and  they  appeared  at  the  lower  portion  of  the 
stomach  to  have  lost  substance.  The  fluid  contained  within  the  stomach 
was  stained  green  by  their  extract.  In  other  caterpillars,  for  example, 
that  of  Pontia  brassica,  the  chyme  appeared  more  comminuted  and 
more  pappy,  doubtlessly  because  the  substance  of  the  leaf  of  the 
cabbage  is  more  juicy,  softer,  and  more  decomposable  than  that  of  the 
Euphorbia,  The  separation  and  absorption  of  the  chyme  is  promoted 
by  the  constant  peristaltic  motion  of  the  stomach :  this  motion  inti- 
mately intermixes  the  portions  of  the  food,  and  gradually  subjects  them 
equally  to  the  action  of  the  gastric  juice  secreted  by  the  glands  of  the 
stomach,  and  it  partly  helps  to  move  the  food  from  the  anterior  to  the 
posterior  extremity  of  the  stomach.  It  is  here  that  the  elaboration  of 
the  food  has  attained  its  highest  point,  and  it  is  therefore  here  that  it 
least  resembles  its  original  quality ;  it  has  here  become  darker  and 
browner,  whereas  it  was  originally  of  almost  the  same  colour  as  that  of 
the  leaf  of  the  plant.  But  the  mechanical  advance  of  the  food  is  not 
however  wholly  owing  to  the  peristaltic  motion,  but  it  also  depends  upon 
whether  fresh  food^has  been  received.  When  this  is  not  the  case  the 
whole  process  of  digestion  appears  more  slow ;  the  food  already  in  the 
stomach  then  remains  there,  but  becomes  gradually  softer  and  looser, 
and  loses  its  colour,  and  appears  decomposing ;  at  least,  according  to 
Render,  it  then  smells  very  unpleasantly ;  it  also  gradually  loses  the 
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fluid  portion  of  the  chyme.     But  if  the  period  of  fiuting  be  too  mucli 
prolonged  the  caterpillar  dies^  and  the  food  is  even  then  found  in 
tiie  stomach.     In  general  voracioas  caterpiUaiSy  whidh  nsiully  oansome 
daily  three  times  their  own  weight  of  food,  cannot  fast  very  long,  at 
least  not  more  than  eight  or  ten  days ;  perfect  insects,  namely,  some 
beetles,  can  do  without  food  much  longer.     I  myself  have  seen  a  Blaps 
mortUaga  move  about  quite  briskly  after  having  fasted  for  three  entire 
months.     Other  instances  have  been  observed  in  capricom  beetles 
which  have  been  enclosed  in  wood  for  years ;  they  were  in  a  torpid 
state,  but  revived  upon  being  exposed  a  short  time  to  the  air.     Pre- 
daceous  beetles,  such  as  the  large  Carabi  and  Dyiici,  cannot  long  fast, 
at  most  a  few  weeks.     Caterpillars  which  are  not  fed  after  their  last 
moult  do  not  die,  but  change  into  pups,  but  the  pups  are  easily  killed, 
particularly  if  the  caterpillar  immediately  after  moulting  has  be^i 
deprived  of  food ;  but  the  voracity  of  caterpillars  decreases  with  the 
increase  of  their  age,  and  it  is  only  during  the  first  period  of  their 
existence  that  they  exhibit  a  hunger  which  is  almost  without  parallel. 
Many  beetles,  viz.,  the  Carabi,  the  grasshoppers,  and  the  larve  of 
the  Lepidoplera,  eject  upon  being  touched  a  brown,  corrosive,  gastric 
juice,  and  cast  it  at  their  enemies.    Whoever  has  collected  insects,  and 
esp^ially  the  Carabadea,  must  be  well  acquainted  with  this  mode  of 
their  defence,  as  also  with  the  pain  which  the  intrusion  of  it  occasions 
when  by  accident,  which  is  not  rarely,  it  comes  into  the  eye.     This 
acute  pain,  which  occasions  a  gush  of  tears,  distinctly  proves  the 
sharp  and  caustic  quality  of  the  gastric  juice.     In  some  Hymenoptera, 
namely,  in  the  bees  and  wasps  *,  the  ejection  of  the  food  regularly 
takes  place,  for  they  cast  up,  farther  elaborated,  the  imbibed  nectar  of 
flowers,  and  supply  the  young  with  it  as  food«     The  ejection  of  it  is 
caused  by  the  antiperistaltic  motion  of  the  stomach  and  proventriculus, 
and  thus  the  gastric  juice  is  passed  into  the  mouth  by  a  contorted 
motion  of  the  animal,  whence  by  another  quick  bending  it  is  thrown 
from  it.    According  to  Rengger  the  muscles  of  the  skin  also  contribute 
consideraUy  to  the  retrograde  motion  of  the  stomach,  at  least  the  fasten 
was  considerably  diminished  when  he  cut  the  caterpillar  along  the  back, 
and  then  irritated  it  by  pressing  and  tormenting,  causing  the  ejection 
of  its  saliva.    In  many,  the  innermost  tunic  of  the  stomach,  after  great 

*  Spallanzuii  Venuche  uber  die  VerdauungBgeicli,  p*  36.    Reftumur,  M6m.  de  1* AcmL 
des  Sc.  do  Puis,  A.  1752,  p.  472. 
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efforts  was  thrown  np,  whereapon  the  caterpillar  died.  After  this^  air 
in  the  shape  of  bladders  broke  ont.  This  air  appears  to  be  oonstantly 
fbund  in  the  stomach  during  digestion,  and  is  probably  partially 
swallowed  with  the  food^  and  is  partly  evolred  fit)m  the  food  in  the 
stomach.  The  first  takes  place^  according  to  Rengger,  that  the  gastric 
juice  which  is  spirted  forth  as  a  defence  may  be  the  more  easily  ejected^ 
yet  the  constant  biting  and  swallowing  small  pieces  of  leaves  necessarily 
occasions  the  passage  of  some  air  into  the  stomach.  During  the  pupa 
state^  the  intestine  contains  only  air,  or  even  nothing :  we  also  find  in 
perfect  insects^  for  example,  in  the  Ephemera,  LibeUuUe,  Giylli,  Sec, 
much  air  in  the  stomach  and  the  whole  intestinal  canal. 

The  digestion  of  fluids  which  haustellate  insects  imbibe,  takes  place, 
doubtlessly,  in  the  same  manner  as  the  firmer  manducated  nutriment, 
with  the  alterations  only  which  arise  from  the  difference  of  food.  The 
more  elaborated  the  juices  are,  the  more  simple  is  the  structure  of  the 
intestinal  canal,  whence  it  follows  that  the  digestion  of  the  nectar  of 
flowers  takes  place  in  the  Hymenoptera  in  a  single  cylindrical,  but 
compact,  transversely  ridged  duodenum,  whence  the  chyme,  together 
with  the  addition  of  the  secretion  of  the  many  biliary  vessels,  passes 
into  the  true  ilium.  In  the  bugs,  this  simple  duodenum,  as  the  above 
description  of  their  digestive  apparatus  (§  105)  has  shown,  is  separated 
into  several  intestinal  divisions,  the  first  of  which  corresponds  with  the 
crop,  the  second  with  the  proventriculus,  and  the  third  with  the  true 
duodenum.  In  addition  to  this  great  perfection  of  the  chymifying 
portion  of  the  intestinal  canal,  we  must  include  the  loi^  and  multi- 
fisaioos  salivary  vessels  as  preparatory  organs,  which  very  much  fisualitate 
the  progress  of  digestion  by  the  contribution  of  their  secretion.  The 
juices  are  thereby  made  capable  of  assimilation,  and  the  assimilating 
portion  is  absorbed  by  the  parietes  of  the  ilium.  It  arises  thence,  also, 
that  that  portion  of  the  intestine  which  lies  beyond  the  duodenum  is, 
at  least  in  the  bugs,  extraordinarily  short,  whereas  in  the  Hymenopiera 
and  in  the  flies  it  is  of  the  same  length,  or,  as  in  the  Lepidoptera^  even 
longer.  The  smallness  of  the  stomach  connected  with  the  duodenum 
in  the  Lepidapiera,  makes  us  surmise  that  they  take  but  little,  or, 
indeed,  many  of  them  in  their  perfect  state  no  food  at  all,  or  that, 
as  their  food  consists  of  the  nectar  of  flowers,  it  requires  but  little 
change.  Thence  their  small  stomach  and  long  narrow  ilium;  and, 
next  to  the  saliva,  the  secretion  of  the  biliary  vessels  may  contribute 
considerably  to  the  transformation  of  this  honey.  Among  the  CoUoplera 
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we  find  a  fieunily  which  agrees  entirely  with  the  Lepidaptera  in  requiring 
but  little  food,  v4z.  the  Capricorn  beetles.  They  also,  as  beetles, 
probably  eat  but  little;  at  least,  in  all  those  individuals  that  I  have  dis- 
sect.-'d,  I  found  the  intestine  full  of  air;  and  their  nutriment  likewise 
consists  of  the  delicate  nectareous  juices  of  flowers.  But  of  all 
haustellate  insects  the  Diptera  are  the  most  voracious:  we  observe 
them  the  whole  day  long  lapping  and  tasting  every  possible  substanee 
which  contains  sweet  juices,  or  such  as  are  agreeable  to  their  palate,  aad 
which  are  frequently  nauseous  and  stinking.  They  have  consequently 
the  longest  duodenum  of  all  insects.  In  front,  where  it  supplants  the 
stomach,  it  is  most  compact  and  muscular ;  behind  it  is  softer,  num 
delicate  and  membranous.  The  food  is  received  into  this  long  intestine, 
and,  as  it  is  generally  of  a  cruder  nature  than  that  of  the  Lepidopiera, 
it  consequently  requires  several  different  elaborative  fluids.  We  there- 
fore find,  besides  the  oral  salivary  glands,  others  whieh  sink  into  the 
commencement  of  the  duodenum. 

§222. 

The  elaboration  of  chyle  takes  place  even  in  the  first  portion  of  the 
intestine,  which  corresponds  in  situation  with  the  stomach  and  ilium, 
or  where  a  proventriculus  is  found  only  in  the  duodenum  lying  behind 
it.     The  chyle  is  a  whitish  or  greenish  or  even  brownish,  thick  liquid, 
which  first  presents  itself  as  a  flocky  substance  between  the  innermost 
and  second  tunics  of  the  stomach,  and,  upon  a  microscopic  inspection, 
appears  to  consist  of  minute  globules.   It  is  the  produce  of  digestion  and 
the  object  of  all  the  functions  of  the  intestinal  canal,  and  it  forms  the 
foundation  of  all  the  other  nutritive  fluids.    In  the  higher  animals*  the 
chyle  is  therefwe  absorbed  by  the  lymphatic  vessels  placed  along  the 
intestine,  and  conducted  into  the  venous  blood,  whence  it  passes  into 
the  lungs  or  gills,  here  becoming  oxydised,  and  it  is  then  poured  forth 
by  the  heart  as  fresh  arterial  blood.     But  such  a  circulation  of  the 
juices  is  not  found  in  insects,  for  they  have  neither  absorbents  nor  veins, 
but  merely  a  single  arterial  vessel  placed  along  the  back.    If,  therefore, 
the  chyle  or  lymph  is  to  pass  into  this  vessel,  it  must  be  transmitted 
thi^ough  the  parietes  of  the  intestine  and  pass  through  the  cavity  of  the 
stomach,  whence  the  heart  receives  it  through  the  above-described 
valve.      This    passage  of   the  chyle  through    the    intestinal   tonic 
observation  has  distinctly  detected.     Ramdohr  saw  the  chyle  which 
was  contained  between  the  mucous  membrane  and  the  true  skin  fioreed 
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teiAg  tbe  peristaltic  motiDii  of  the  stomach  through  the  exterior 
BQacahr  tonic^  and  the  mnamder^  which  was  not  thnspassed'  thvoogh^ 
was  driven  towards  the  end  of  the  stomach,  and  here  disteaded  the 
cxtnrior  tunic  in  the  circnmference  of  the  pyloms.  In  a  csockdiafev, 
whose  longer  ilium  was  filled  only  at  certain  parts  with  food,  he 
obserred,  after  the  stomach  was  removed  from  the  body,  a  continned 
distcodiBgof  it  at  those  parts  where  the  food  was  founds  Upon  openmg 
the  external  skin  at  those  parts,  the  brownish  green  chyle  streamed 
forth.  Iteaggtr  also  observed  the  transmission  of  the  diyle  thvongh  the 
iateitiiie  in  larvtt,  whidi  he  opened  alive,  for,  having  carefully  dried 
tfas  exposed  stomach,  he  saw  it  speedily  become  again  moist. 

Upon  the  chemioai  inspeetiMi  to  which  Reagger  snbfected  the  chyle, 
tiist  he  fiiiind  between  the  tunics  of  the  stomach,  it  did  not  exhibit 
the  alkaline  property  of  the  saliva  and  the  gastric  juice.  In  weak 
add  it  formed  iloeks,  as  also  when  exposed  to  heat,  which  was-  dissolved 
in  concentrated  sulphuric  acid  ;  but,  upon  the  addition  of  water,  it  re^ 
formed  flocks.  He  found  similar  flocks  when  he  caused  the  caterpillar 
to  vomit  into  diluted  add.  Hence  it  appears  that  the  chyle  consists 
chiefly  of  albumen,  which  appears  to  be  su^nded  in  water.  Rengger's 
experiment  farther  confirms  this  opinion,  for  he  injected  water  into  the 
stomach  of  a  caterpillar  after  he  had  tied  up  its  end,  and,  upon  opening 
it  after  a  short  time,  he  found  the  chyle  at  the  anterior  end  mach  more 
full  of  water  than  that  of  the  posterior,  of  which  he  convinced  himself 
by  the  eoi^lation  ol  the  albnmen  by  heat. 

From  the  chyle  being  transmitted  through  the  tunic  at  that  part  of 
tlie  intestine  usually  called  the  stomach,  is  another  reason  for  not 
ooDsideriiig  it  the  stomach  only,  for  the  chyme  alone  is  prepared  in  the 
atomadi,  from  which  the  chyle  is  se{iarated  in  the  duodenum  and  iKum. 
We  must,  therefore,  consider  this  portion,  as  in  the  lower  animals, 
merely  as  the  simple  iotemal  digestive  cavity,  whence  gradually,  by 
metamorphosis,  diierent  intestinal  parts  are  produced,  which  present 
themselves  as  the  crop,  proventriculus  and  duodennm ;  or  where  such  a 
diyision  of  the  simple  cylindrical  nutrimental  canal  is  not  found,  that 
tbst  bisect  has  remained  stationary  upon  a  lower  grade  of  the  organisa- 
tion of  the  digestive  apparatus.  We  should  thus  find  within  this  single 
class  a  progressive  succession  of  the  perfection  of  the  intestinal  canal, 
for,  commencing  with  the  bag  of  the  larvee  of  the  bees,  which  has  no 
snal  aperture,  it  terminates  in  the  perfect  structure  of  the  predaceons 
beetles,  and  which  corresponds  distinctly  with  the  development  of  the 
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nutrimental  canal  throughout  the  animal  kingdom.  They  thus  repre^ 
sent  in  their  crop  and  proventriculus  the  form  of  the  canal  of  birds, 
and  by  means  of  the  blind  appendages  of  the  duodenum  they  are  like- 
wise connected  with  the  fishes. 

§223. 

In  all  the  higher  and  in  many  of  the  lower  animals,  namely,  the 
Mollusca,  the  formation  of  the  chyle  is  produced  by  the  addition  of  a 
peculiar  fatty  alkaline  fiuid,  namely,  the  gall^  which  is  secreted  by  a 
large  lobate  gland,  called  the  liver,  the  duct  of  which  empties  itself 
into  the  duodenum,  sometimes  behind  the  pylorus,  but  in  general  in  the 
vicinity  of  the  opening  of  the  ventral  salivary  glands.  The  object  of 
this  fluid  appears  to  be  to  decrease  the  acidity  of  the  chyme,  and 
then  by  the  intermixture  of  its  component  parts  to  prevent  a  preju- 
dicial corrupt  decomposition  of  the  food  upon  passing  through  the 
intestinal  canal ;  to  transmit  the  fat  in  suspension,  in  which  it  is  more 
readily  absorbed ;  and  to  assimilate  the  nutriment  by  means  of  the  gall 
and  other  animal  matters  it  contains ;  and  lastly  to  stimulate  the  peris- 
taltic motion  *,  We  may  now  ask  if  an  analogue  of  these  glands  is  to 
be  found  in  insects,  and  whether  its  secretion  when  it  exists  is  of  suck 
influential  eflfect  as  the  gall  in  general. 

With  respect  to  the  existence  in  insects  of  such  glandular  secretory 
organs  which  empty  themselves  into  the  intestinal  canal,  we  may 
observe,  that  but  one  kind  of  them  is  found,  which  is  peculiar  to  all 
excepting  Chermes  and  Aphis,  and  this  is  the  above  described  (§  111) 
biliary  vessels.  All  other  secreting  organs  which  are  found  in  the 
intestine  of  insects  are  peculiar  to  certain  orders  and  ^Eunilies  only. 
We  have  characterised  them  above  as  salivary  organs,  and  given  a 
detailed  account  of  their  form  and  presence  (§  112). 

These  gall  vessels  are  actually  gall-secreting  organs,  according  to 
Cuvier,  Posselt,  Ramdohr,  Carus,  and  the  earlier  opinions  of  Treviranus 
and  Meckel.     This  opinion  may  be  supported  by 

1.  The  general  form  of  the  secreting  organs  in  insects. 

2.  By  their  situation,  and  by  their  insertion  in  the  intestinal  canal 
corresponding  with  that  of  the  gall-secreting  organs  of  other 
animals. 


*  Gmelin^s  Th^or.  Chimie,Tol.  ii.  put  li.  p.  1517.     The  result  of  the  oompreheiudre 
experiments  of  Tiedemann  and  Ghnelin  upon  digestion. 
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3.  That  at  the  spot  where  they  empty  themselves  into  the  intestine 
there  is  frequently  a  bladder-shaped  distension,  a  kind  of  gall 
bladder  (for  example,  in  Lygaus  apterus,  Cimex  baccarum). 

4.  That  sometimes,  as  in  the  secretory  organs  of  other  animals, 
stony  concretions  are  found. 

$.  That  they  are  very  compact,  and  wholly  surrounded  by  the  fatty 
substance  which  is  the  formative  matter  whence  all  secreting  organs 
derive  the  fundamental  portion  of  their  secretion. 
6.  That  also  the  vena  porta  which  conducts  the  blood  to  the  liver  in 
the  higher  animals  takes  its  rise  from  such  a  fatty  matter  distri- 
buted within  the  ventral  cavity,  viz.,  from  the  mesenterium. 
7*  That  the  liver  of  the  most  closdy  allied  animals,  namely,  of  the 
crabs  and  many  annelides  (for  example.  Aphrodites),  consists 
likewise  of  such  blind  vascular  appendages  which  empty  them- 
selves into  the  intestine. 
Whereas  these  opinions  are  contradicted  by  those  of  modem  na- 
turalists, namely,  of  Herold,  Rengger,  Straus  Durckheim,  Joh.  MiiUer, 
and  by  the  altered  views  of  Meckel  *  and  Treviranus  t  upon  the  foUow- 
iag  accounts : — 

1 .  The  biliary  vessels  empty  themselves  at  a  part  of  the  intestine 
beyond  where  the  chyle  has  been  commenced  to  be  absorbed, 
frequently  closely  before  the  colon,  a  short  distance  from  the  anus. 

2.  The  chemical  analysis  of  the  biliary  vessels,  and  of  their  con- 
tents, exhibits  but  little  resemblance  between  it  and  the  liver, 
for  uric  acid  is  its  chief  component.  According  to  Chevreul's 
analysis  {,  the  liquid  obtained  from  the  biliary  vessels  was  alkaline, 
and  vegetable  colours,  which  had  been  turned  red  by  acids,  it 
stained  blue ;  and  upon  the  further  addition  of  acids  it  precipitated 
uric  acid,  and  smelt  of  ammonia  when  a  weak  solution  of  caustic 
potass  was  added  to  it.  He  thinks,  therefore,  that  this  liquid  holds 
urate  of  potass  and  ammonia  in  solution.  Wurzer  §  found  also 
urate  of  ammonia,  and  both  phosphate  and  carbonate  of  lime,  which 
Brugnatelli  ||  and  John  equally  found  also  in  -the  excrement  of 
Lepidopiera  immediately  after  their  exclusion  from  the  pupa. 

3.  Besides  these  biliary  vessels  many  insects  have  other  secreting 


*  Archiv.  far  Anat.  u.  Phys.  Jahrg.  1826. 
f  Dms  oTganiiche  Lebens  neudai^tellt,  p.  335.  };  Stnas  Durk.,  p.  151. 

§  MeckersArchiv.,iv.p.  213.  ||  lb.,  p.  629. 
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organs  which  empty  themselves  into  the  intestine,  even  indeed  in 
front  of  the  chylifyiag  portion  of  it,  namely,  those  blind  append- 
ages indicated  as  salivary  glands  behind  the  proventricalns. 
4,  In  the  spiders,  secreting  organs  which  resemble  the  biliary  vessels 
empty  themselves  into  the  colon  ;  and  other  vessels,  which  are  in 
close  connexion  with  the  fatty  matter,  open  into  the  ilium,  and 
supplant  the  liver. 
To  harmonise  if  possible  both  views,  which  then  would  be  the  only 
true  and  correct  one,  we  must  in  the  ^rst  case  ascertain  if  the  liver, 
considering  the  organisation  of  insects,  be  absolutely  necessary  to  their 
digestion.     We  find  the  liver  large  and  of  prominent  development  in 
all  such  animals  in  which  the  function  of  respiration  is  of  diminished 
importance,  especially  those  moljusca  which  breathe  through  branchiie, 
and  the  fishes^.     If  we  may  thence  conclude  that  animals  which 
respire  by  means  of  lungs  have  a  smaller  liver,  it  is  evident  that  insects, 
as  those  animals  in  which  the  respiration  by  means  of  lungs,  or  rather 
of  pulmonary  air-tubes,  has  attained  its  highest  grade  of  perfection, 
must  necessarily  have  the  smallest  liver  of  all.     This  may  be  caused 
by,  as  Cams  f  has  remarked  upon  a  similar  occasion,  the  lungs  and 
liver  both  separating  the  same  substance,  namely,  such  which  contain 
carbon,  by  the  former  from  an  elastic  fluid,  and  by  the  latter  from  a 
liquid.     If,  therefore,  the  lung  is  so  predominant  that  it  is  found 
throughout  the  body,  this  separation  takes  place  everywhere,  and  the 
Jiver,  which  by  means  of  the  veins  receives  the  carbonated  blood  from 
the  different  parts  of  the  body,  where  there  is  no  lungs,  is  not  required 
to  ACt.     The  function  of  the  liver  as  an  excretory  organ  is  therefore 
not  requisite  in  insects,  but  yet  as  a  secretory  organ  it  is  still  of 
importance.     Its  chief  object,  viewed  thus,  is  to  reduce  the  acidity  of 
the  ohjnne,  by  means  of  the  alkaline  property  of  its  aecretion ;  but  we 
have  seen  that  the  secretions  of  the  salivary  glands,  and  of  the  pro- 
ventriculus,  are  both  alkaline,  and  that  the  chyme  beyond  the  pro- 
Tentriculus,  or  at  the  end  of  the  duodenum,  is  perfectly  neutral,  and 
requires  no  addition  of  alkali  to  neutralise  it ;  consequently  even  for 
this  purpose  the  function  of  the  liver  is  not  necessary. 

If  we  have  thus  shown  that  ixnocts  do  not  require  a  liver  to  promote 

*  This  reciprocal  relation  uppnn  to  me  «■  coiifirttied,  «^d  ^worthy  of  consideration, 
wheteaa  the  meritorious  G.  R.  Treviraaas  deniea  it.    Biologie,  torn.  It.  p.  4110. 
•f  Bootomic,  p.  '538. 
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digesdon,  it  laay  he  aaked  what  is  the  fanctioa  of  the  biliaiy  yeaseis  ? 
Are  they  urinary  wgans  or  kidneys  ?  Certainly  not ;  for  where  shall  we 
find^  throughout  the  whole  animal  kingdom^  an  instance  <^  the  ureter 
emptying  itself  into  the  middle  of  the  intestinal  canal  ?  And  is  not  this  the 
case  with  the  biliary  vessels  in  many»  indeed  the  m^ority>  of  instances  ? 
The  uric  acid  which  chemists  have  found  therein  proyes  nothing,  for 
many  parts  of  the  body  of  insects  contain  this  add,  as  Rudolphi  *  also 
correctly  observes,  it  is  likewise  found  in  manyothor  fluids  besides  urine  f. 
Lastly/ the  resemblance  of  the  biliary  vessels  to  the  urinary  organs  is 
too  trifling,  and  the  latter  are  always  in  doaer  connexion  with  the 
sexual  organs  than  with  the  intestinal  canal ;  besides>  in  some  insects^ 
namely>  in  the  CarabodeOf  D^tici,  and  Slaphylinip  distinct  urinary 
oigans  have  been  found  (§1 13),  the  secretion  of  which  indeed  has  not 
yet  been  proved  by  analysis  to  be  urine,  but  which,  both  by  their  resem- 
blance in  form,  and  partly  by  their  situation,  have  proved  themselves 
urinary  organs.  Joh.  Miiller  {,  who  has  most  strongly  supported  the 
consideration  of  the  biliary  vessels  as  kidneys,  will  not  admit  of  these 
oigans  being  considered  as  secreting  urine,  but  explains  them  to  bo 
peculiar  glands  which  secrete  a  sharp  liquid,  and  compares  them  with 
the  poison  glands  of  the  Hgmenapieru;  but  even  if  we  admit  of  this 
analogy  we  must  yet  oppose  his  assertion  that  the  insects  which  are 
provided  with  these  organs  secreting  a  sharp  liquid,  for  it  is  supported  by 
no  other  observation  than  at  most  the  explosion  of  the  BrachinL  As 
this  ^ploding  secretion  is  gaseous,  it  cannot  necessarily  be  secreted  by 
these  oigans,  but  may  be  merely  be  the  air  contained  within  the  broad 
oolon.  Whereas  the  Dytici,  upon  being  seized,  as  I  have  frequently 
observed,  i>jeet  their  hyaline  livid  urine,  which  has  a  peculiar  pungent 
smell,  very  like  feverish  or  corrupt  human  urine,  but  which  never 
acts  acutely  or  poisonously,  and  inflammatory.  We  may  here  justly 
ask  why  these  few  insects  only  have  urinary  organs,  and  the  m^ority 
want  them,  which  is  absolutely  a  difficult  problem  to  solve;  but 
in  some  others,  for  example^  Botnbylius,  Lepiis,  the  same  organs  are 
again  found,  and  in  Gryllus  migratorius,  Fab.,  I  observed  a  single 
serpentine  vessel,  which  originated  from  a  small  kidney-shaped  organ, 
and  which  opened  at  an  analogous  spot  near  the  anus.    It  is  therefore 

*  Physiologici  vol.  ii.  part  ii.  p.  145,  note  1. 

f  Gmcl.  Huidb.  d.  Th^or.  Chemie,  toI.  ii.  part  ii.  p.  1473 

"l  De  Gland,  secern,  fltruct.  pen.,  p.  68. 
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probable  that  in  the  other  grasshoppers  such  vessels  will  be  found,  as 
well  as  in  other  voracious  insects,  which,  as  such,  more  require  excretory 
organs ;  whereas  in  temperate  insects,  and  such  as  feed  upon  highly 
elaborated  finer  substances,  as  well  as  haustellate  insects  'from  the 
greater  preparation  of  their  food,  and  its  consequent  perfect  quality  of 
assimilation,  the  excretory  organs  would  be  wholly  superfluous.  Where- 
fore then,  it  might  be  objected,  have  the  voracious  caterpillars  and 
larvie  no  urinary  organs  ?  To  which  we  might  reply,  that  it  must  not 
be  forgotten  that  larvae  stand  upon  a  much  lower  grade  of  animal  deve- 
lopment than  perfect  insects,  and  that  they  therefore  do  not  display  so 
great  a  separation  and  division  of  their  organs ;  if  the  anus  be  wanting 
in  some  instances,  how  much  more  likely  are  the  urinary  organs  to 
be  deficient?  and,  besides,  the  majority  of  caterpillars  have  other 
excretory  organs,  viz.,  the  spinning  vessels,  which  take  up  from  the 
body  much  useless  matter.  The  unimportance  of  the  urinary  oi^ans  to 
the  nutriment  of  larvae  explains  their  deficiency  in  those  cases  in  which 
the  beetle  exhibits  them ;  at  least  in  the  larva  of  Calosoma  sycophania 
I  have  not  observed  such  organs. 

If,  then,  the  biliary  vessels  be  neither  exclusively  liver  nor  exclusively 
kidneys,  it  remains  to  be  determined  what  their  function  is.  To  arrive 
at  this  we  look  around  us  for  analogous  forms  in  other  animals,  and 
immediately  discover  the  paired  caeca  of  birds.  These  organs,  which 
Carus*  even  wished  to  compare  to  biliary  vessels,  diverge  in  one 
respect  by  their  frequently  considerable  shortness  (for  example,  in  all 
the  diurnal  birds  of  prey),  and  in  a  second  respect  by  their  contents 
differing  so  much  from  that  of  the  biliary  vessels  of  insects ;  they  are 
also  of  a  similar  structure  with  the  intestinal  canal,  which  is  not  the 
case  with  the  biliary  vessels.  But  it  is  remarkable  that  the  parallel 
orders  of  birds  and  insects  exhibit  some  approximation  in  the  length  of 
these  organs,  for  the  biliary  vessels  are  likewise  very  short  in  the  car- 
nivorous Carahodea,  and  if  not  exceedingly  long  yet  they  are  very 
numerous  in  the  herbivorous  grasshoppers  and  Grylli,  which  I  com- 
pare with  the  gallinaceous  birds,  into  the  detail  of  which  I  shall  go 
below.  We  might  therefore  indicate,  if  not  a  strict  analogy,  at  all 
events  a  certain  approximate  relation  between  these  appendages  of 
the  intestinal  canal. 

Besides  these  paired  caeca  of  birds  we  find  no  other  appendages  to 

*  Zootomic,  p.  388. 
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the  intestine  in  animals  which  admit  of  being  compared  with  the 
bOiary  vessels,  unless  it  be  precisely  the  same  forms  in  the  Annelides 
and  Crtistacea.  These  have  been,  particularly  in  the  Crustacea,  ex- 
plained as  the  liver,  and  therefore  the  biliary  vessels  must  be  consi- 
dered as  the  anal<^ues  of  these  filaments,  or  at  least,  as.  the  analogues 
of  the  liver.  With  respect  to  form,  this  is  doubtlessly  correct,  the  above 
cited  reasons  speak  too  clearly  in  favour  of  it ;  but  in  function  they 
are  not  merely  liver,  indeed  not  purely  secreting  organs,  but  more 
justly  excretory  organs,  which,  however,  do  not  separate  urine  alone, 
but  also  a  kind  of  gall,  and  only  in  those  instances  where  true  urinary 
organs  are  wanting  undertake  as  well  the  function  of  urinary  organs. 
With  respect  to  what  may  be  objected  from  their  opening  higher 
into  the  intestinal  canal,  we  may  reply,  that  probably  the  whole  re- 
maining portion  of  the  intestinal  canal  absorbs  but  little  chyle,  but 
instead,  as  Joh.  MiiUer  also  considers,  leads  off  the  unassimilating 
remains*  But  in  those  instances  where  there  are  actual  urinary 
organs  the  biliary  vessels  may  be  exclusively  liver,  at  least  their 
darker  brown  red  colour  in  all  these  cases  speaks  in  favour  of  it,  par- 
ticularly in  the  Carabodea  and  Dyiici,  In  these  then  the  tolerably 
long  and  especially  broad  and  muscular  ilium  must  also  separate  chyle. 

I  therefore  positively  consider  the  biliary  vessels  as  analogues  in 
form  of  the  liver,  but  which  do  not  exclusively  exercise  the  function 
of  the  liver,  but  conjunctively,  at  least  in  many  cases,  the  function  of 
the  kidneys,  and  of  other  secreting  organs. 

An  opinion  propounded  by  Oken  explains  the  fatty  substance  as 
liver,  but  it  is  inapplicable,  as  has  been  shown  by  Meckel.  Yet  we 
cannot  deny  that  the  fatty  substance  has  Kome  relation  to  the  liver, 
for  the  organisation  of  the  Jrachnida  speaks  distinctly  in  support  of 
It.  The  biliary  vessels  may  also,  when  they  secrete  bile,  derive  the 
foundation  of  their  excretion  from  the  fatty  substance  only,  and  we 
therefore  find  them  everywhere  closely  enveloped  by  this  fatty  sub- 
stance. 

With  respect  to  the  direct  observations  of  some  physiologists,  besides 
those  already  cited,  upon  the  function  of  the  biliary  vessels,  we  find, 
according  to  Render,  that  they  contain  a  clear  fluid,  in  which  the  mi- 
croscope detects  a  great  number  of  globules.  This  fluid  appeared  more 
transparent  and  brighter  when  watery  substances  were  received  into  the 
intestinal  canal,  and  he  therefore  supposes  that  it  is  the  water  separated 
from  the  blood.     He  then  observed  the  fluid,  upon  pressing  the  vessels, 
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pour  Itself  into  tlie  intestine*  and  Meckel  renerked  tlie  saine^  wKevebjr 
Ramdohr's  opinion  is  contradicted  of  the  freqaoit  emptyii^  of  the 
biliary  vessels  into  the  space  between  the  muooos  membrane  and  the 
true  skin.  He  farther  remarked,  after  this  emptying,  a  refilling  of 
the  vessel  and  an  advance  of  the  fluid,  without  detecting  the  least 
motion  in  the  vessel.  The  substance  thus  emptied  he  says  he  found 
again  in  the  excrement,  in  tlie  form  of  little  globules  upon  its  surface ; 
also  the  reddish  brown  juice  ejected  by  the  Lepidopiera  immediately 
after  their  exclusion  from  the  pupa,  consists  chiefly  of  the  excrement  of 
the  biliary  vessels.  That  this  fluid,  as  well  as  the  excretion  «f  the 
biliary  vessels,  contains  much  uric  acid,  has  been  proved  by  the 
analysis  of  Chevreul,  BrugnateUi,  and  John,  and  whi^  we  have 
mentioned  above.  According  to  Rengger,  the  aecretioa  ni  the  biliary 
vessels  dissolves  neither  in  hot  nor  in  cold  water ;  it  becomes  fimer  in 
alcohol,  dissolves  in  concentrated  acid,  and  is  precipitated  ^m  this  in 
a  flocky  form,  upon  the  addition  of  water :  upon  proof  paper  it  exhibits 
Itself  neither  as  add  nor  alkaline,  nor  does  it  taate  bitter,  but  insipid) 
like  all  the  parts  of  a  caterpillar.  The  excretion  does  not  either  re-act 
upon  diluted  chyme,- and  in  the  chyme  fixnn  the  inteBtinal  caaal  beyond 
the  biliary  vessels,  there  was  no  fluid  matter. 

Straus  Durdkheim  considers  that  there  are  in  the  cockchafer  two 
diflferent  kinds  of  vessels  which  empty  themselves  into  the  intestines. 
The  anterior  ones  which  open  beyond  the  stomach  have  ramoBe,  trans- 
verse continuations,  and  are  brownish ;  the  posterior  ones,  whose 
orifices  *  he  could  not  discover,  are  of  a  yelloimh  Tiiiite  and  emeoth^ 
and  without  oontinnation.  The  anterior  ones  he  oonsideiis  as  biliary 
orcans,  and  the  posterior  ones  as  nrisary  onnns.  It  is  uniniaffinable 
hrstn«.».  in  so^^ou.  «h1  «cu«r«Tuiry.  A^  »Z  ^A 
a  miatake,  particularly  as  two  anatomists  before  him  had  described  and 
flgtured  the  inteatinal  canal  of  the  Melohntha  vulgaris,  namely, 
Bamdohrt  and  Leon  Dufour  { .  From  both,  as  well  as  from  Snckow's  | 
representation,  it  results,  that  in  the  cockchafer,  likewise,  there  are  but 
four  very  long  biliary  vessels,  which  pass  into  each  other,  and  which 
at  their  anterior  half  send  off  ramose  appendages,  whereas  posteriorly 
they  have  none.    That  the  biliary  vessels  in  many  cases,  £or  example, 

*  P.  270.  t  Abhuid.  nber  die  V^idaxmngwiigaDe,  PL  XVIII.  t  1. 
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i  In  Hfiunoger  Zcitachiift.  f.  d.  o.  Phy.  vol.  iii.  Pi.  1.  PI.  IIL 


OF  DIOB8TI0K.  377 

in  the  Caprkorns,  stand  in  connexion  with  the  intestine  at  a  second 
lower  spot,  but  do  not  again  open  into  it,  has  been  shown  abore  (§111). 
Joh.  Miiller  has  been  misled  by  Straus  to  speak  likewise  of  doable 
Tessek,  which,  he  says,  open  at  different  parts  of  the  intestine  *,  but 
such  second  vessels  are  not  found  in  any  insect. 

§224. 

The  divisions  of  the  intestinal  canal  which  lie  beyond  the  orifice  of 
the  biliary  vessels,  and  which  we  have  described  above  as  the  ilium, 
disvate  intestine,  cflDcum,  and  colon,  occupy  a  portion  of  the  intestinal 
canal,  which,  in  the  majority  of  cases,  is  not  half  the  length  of  that  of 
the  preceding  part,  and  which  is  indeed  often,  namely^  in  the  Hemipiera, 
80  short,  that  it  does  not  form  one*tenth  of  the  entire  intestine.  With 
vespect  to  the  law  which  regulates  the  proportions  of  the  parts  of  the 
intestinal  canal,  we  may  consider  that  it  is  in  general  longer  in 
carnivorous  insects,  but,  on  the  contrary,  shorter  in  the  vegetable 
consumers,  and  that  the  larvie  have  almost  always,  with  the  exception 
«f  the  larvae  of  the  Dytici,  as  was  remarked  above,  a  very  short  portioa 
of  intestine  beyond  the  orifice  of  the  biliary  vessels,  whereas  in  the 
perfect  insect  it  is  longer. 

If  we  inspect  the  contents  as  well  as  the  function  of  this  portion  of 
the  intestine  in  vegetable-feeding  insects,  for  example,  in  the  larvae  of 
the  caterpillars,  we  shall  find,  according  to  Rengger's  observation,  that 
no  further  peristaltic  motion  is  detected  in  it,  and  that  die  chyme  con- 
tained within  it  separates  no  longer  any  chyle,  nor,  indeed,  is  any  mixed 
with  it  In  the  larvie  of  the  LameUioomia,  no  food  is  observed  in  the 
ilium,  but  the  great  gut  is  closely  filled  with  it.  This  nutriment  is 
fiHind  here  farther  comminuted  and  more  pappy  than  in  the  stomach, 
differing  in  about  the  same  proportion  as  the  chyme  of  the  stomach  does 
fbsm  that  of  the  cecum  in  the  Rodeniia,  and  we  must,  therefore,  at 
least  in  this  instance,  admit  of  a  repeated  separation  of  chyle,  which  is 
also  confirmed  by  the  dry,  thick,  excrementitious  contents  of  the  short 
oolon.  Bamdohr  supposes  that  the  biliary  vessels,  from  their  in  general 
ascending  and  descending  the  duodenum,  but  subsequently  spreading 
themselves  about  the  greatest  convolutions  of  the  ilium,  imbibe  from  it 
nutritive  matter  during  the  passage  of  the  chyme,  and  that  it  is  thence 
that  the  latter  contains  less  moisture  in  the  ilium :  he  ascribes  the  same 

•  Do  Glaodol  aoc.  8tr.  par.  pp.  68,  69. 
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function  likewise  to  the  great  gut,  and,  as  the  clavate  gut  is  the  same 
organ,  it  would  necessarily  also  be  attributable  to  this.  Thns  much  is 
certain,  that  the  chyme  is  further  elaborated  and  extracted  in  the  great 
gut  of  such  larvee  before  it  is  rejected  from  the  body  by  the  colon. 

A  function  limited  to  the  conveyance  of  the  chyme  cannot  be 
attributed  to  the  very  long  ilium  of  the  carnivorous  insects,  namely, 
the  Difiici  and  Peltodea,  particularly  as  it  is  not  only  longer  here  than 
the  duodenum,  but  even  several  times  its  length,  for  example  in  Necro^ 
phorus.  In  these,  evidently,  as  in  the  higher  animals,  the  ilium 
must  throughout  its  whole  course  separate  chyle ;  at  least,  a  thin 
finely  divided  chyme  is  found  throughout  it.  I  am  of  the  same 
opinion  of  the  likewise  very  long  ilium  of  the  Lepitloptera,  for  the 
small  egg-shaped  stomach  is  too  insignificant  to  separate  all  the  chyle 
requisite  for  their  support,  although,  as  experience  teaches  us,  the 
Lepidoptera  are  very  temperate  in  the  taking  of  food,  and  exhibit  no 
trace  of  their  previously  voracious  appetite  as  larvae.  All  these  insects 
with  a  long  ilium  have  no  distinct  thick  intestine,  whereas  in  those  with 
a  short  ilium,  for  example,  the  Capricorns  and  Lamellicornia,  we  find 
it  described  by  Ramdohr  as  the  clavate  intestine.  In  the  cockchafer 
and  the  other  Lamellicornia,  in  their  perfect  state,  instead  of  the  broad 
sack-shaped  thick  intestine,  we  find  an  oval  longitudinal  thick  gut, 
which  is  internally  furnished  with  projecting  longitudinal  folds,  which, 
as  well  as  in  the  larvae,  subjects  the  chyme  to  a  second  elaboration,  and 
also  extracts  it,  for  which  purpose  it  appears  to  require  the  longitudinal 
folds.  This  second  extraction  can  also,  if  it,  which  we  may  not  doubt, 
likewise  takes  place  in  those  insects  which  have  a  long  ilium,  occur  only 
in  the  ilium.  Indeed,  such  insects,  namely,  the  Dytici,  Peltodea,  and 
J^idoplera,  have  a  longer  or  shorter  cecum,  which,  in  Dyticut^  is 
nearly  half  the  length  of  the  intestinal  canal,  and  wherein  the  chyme 
may  possibly  be  subjected  to  a  second  digestion.  In  favour  of  this  opinion 
the  multitude  of  glands  upon  its  inner  surface  speak,  as  well  as  the 
viscous  nature  of  all  the  nutriment  contained  within  it.  But  we  do  not 
always  find  it  filled  with  chyme,  occasionally  only  in  Dyticus  ;  it  some- 
times only  contains  air,  whence  is  explained  Leon  Dufour's  opinion  of  its 
supplying  the  place  of  a  swimming  bladder.  In  the  Lepidoptera,  the 
brownish  red  fluid  accumulates  in  it  during  the  pupa  state,  which 
is  rejected  upon  the  exclusion  of  the  perfect  insect,  and  which, 
according  to  chemical  analysis,  consists  chiefly  of  uric  acid,  and  very 
much  corresponds  with  the  excretion  of  the  biliary  vessels.  Treviranus, 
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therefore,  compares  this  CiBCum  of  the  Lepidopiera  to  the  urinarj 
bladder,  and  it  would  we  were  to  institute  an  ansHogy  with  the  birds, 
be  analogous  to  the  bursa  Fabricii  of  those  animals.  Thus  much  is 
certain,  that  this  caecum  cannot  be  of  so  much  importance  to  digestion 
as,  for  example,  the  caecum  of  the  Rodentia,  or  the  clavate  and  thick 
intestine  of  other  insects  which  are  analogous  organs. 

The  true  rejecting  portion  of  the  intestinal  canal  is  therefore  the 
colon.  By  its  considerable  size,  in  the  majority  of  cases,  it  is  adapted 
to  the  reception  of  much  matter,  and  peculiarly  adapted,  by  its  strong 
muscular  structure,  to  the  compression  of  it  into  lumps  of  excrement. 
To  promote  this  object,  it  has  in  many  cases  hard  homy  ridges  and 
prominences,  which  assist  it  in  its  function.  The  shape  of  the  ex- 
crement depends  both  upon  the  size  of  the  colon  and  its  folds.  It  is  so 
various  in  the  caterpillars  of  the  Lepidopiera,  that  frequently,  with  a 
Httle  attention,  distinct  genera  and  species  may  be  distinguished  by  it, 
a  skill  which  is  not  unimportant  to  those  who  have  the  care  of  plantar 
tions.  In  general,  vegetable-feeding  insects  produce  more  excrement 
than  the  carnivorous  ones.  This  is  distinctly  shown  in  the  caterpiUars 
and  grasshoppers,  the  short  but  broad  colon  of  which  exclude  at 
intervals  of  a  few  minutes  considerable  balls  of  excrement,  which  are 
shaped  precisely  according  to  its  form.  In  general,  the  digestion  of 
these  insects  is  so  rapid,  that  the  just  filled  intestinal  canal  will  have 
extracted  all  the  chyle  in  the  course  of  one  hour,  and  the  caterpillar 
recommence  eating.  Indeed,  the  food  passes  through  the  entire  intes- 
tine merely  to  make  room  for  constantly  succeeding  food,  and  a  voracious 
caterpillar,  therefore,  will  be  continually  evacuating  excrement.  In 
the  perfect  insect,  the  colon  is  wider  than  the  rest  of  the  intestine, 
but  towards  the  anus  it  again  contracts,  and  it  consequently  evacuates 
the  excrement  in  smaller,  at  least  thinner,  portions,  or  in  a  more  fluid, 
thick,  pappy  consistency ;  haustellate  insects,  such  as  the  Lepidopiera 
and  flies,  reject  it  quite  liquid.  The  colour  of  the  excrement  also 
depends  upon  the  difference  of  food ;  for  instance,  that  of  the  cockchafer 
is  green,  like  the  leaf  of  the  plant  upon  which  it  feeds ;  that  of  the 
water  beetle  of  a  yellow  white,  like  the  flesh  he  has  eaten  ;  that  of  the 
flea  red,  like  the  blood  it  has  imbibed ;  yet  the  colour  always  changes 
a  little ;  it  becomes,  namely,  darker,  brownish  or  blackish,  as  in  the 
flies,  which  lap  so  many  different  kinds  of  nutriment.  No  peculiar 
oflTensive  or  stinking  smell  is  observed  in  the  excrement  of  insects,  and, 
indeed,  their  rapid  digestion  does  not  admit  of  so  complete  a  decom- 
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position  as  in  the  higher  animalsy  particuhurly  aa  the  entire  digestion  of 
insects  is  aknost  limited  to  the  imbibition  of  the  juices  contained  in 
their  food. 

§225. 

Lastly^  we  must  here  treat  of  some  peculiar  secretions  which  are  the 
produce  of  digestion,  or  at  least  in  their  fundamental  parts,  but  which 
exercise  no  influence  upon  it :  among  these  we  consider  the  secretion  of 
the  spinning  vessels  and  other  secerning  organs^  namely,  those  of  the 
poison  glands. 

The  spinning  vessels  (§  112),  which  are  found  only  in  lanrs,  are 
long  twisted  canals,  which  empty  themselves  into  the  spinning  vessel 
found  in  the  under  lip,  or  in  some  rare  instances,  for  example,  in  the 
larva  of  Myrmecoleon,  present  themselves  in  tlie  shape  of  a  pyriform 
bag,  which,  in  the  perfect  insect,  appears  to  be  transformed  into  the 
colon :  they  lie  at  the  anal  extremity,  and  contain  a  viscous  fluid,  which, 
in  the  younger  larvs,  is  quite  transparent,  but,  in  more  mature  ones, 
it  is  more  opaque  and  thicker.  From  this  fluid  the  larva  spins  delicate 
filaments,  which  speedily  harden  in  the  air,  and  are  then  no  longer 
soluble  in  water.  The  entire  spinning  vessel  also,  when  dried  in  the 
air,  likewise  hardens  to  a  firm  fragile  mass.  Chemical  analysis  discovers 
the  components  of  this  fluid  to  consist  of  a  substance  like  lime,  a  waxy 
portion,  and  a  little  coloured  oil  which  smells  like  anise.  Acids  poured 
upon  it  harden  it ;  in  young  caterpillars  it  precipitates  a  flocky  sub* 
stance  (albumen) ;  but  in  very  concentrated  acid  it  dissolves,  as  well  as 
in  a  solution  of  pure  potass :  from  the  former  it  was  precipitated  by  the 
addition  of  water,  and  from  the  latter  by  that  of  acid  in  a  flocky  shape. 
Hence  it  appears,  that,  besides  animal  albumen,  a  resinous  and  an  oily 
substance  form  components  of  the  spinning  fluid,  in  favour  of  which 
the  adhesiveness  of  the  fresh  material,  its  mpid  drying,  and  fragility  in 
a  mass,  speak  greatly.  It  is,  consequently,  purely  an  excretion,  and  is 
made  for  the  purpose  of  removing  from  the  body  the  oily  and  resinous 
v^etable  portions  which  are  received  into  the  blood  by  digestion,  and 
again  separated  from  it  by  the  spinning  vessels.  In  the  spiders,  which 
feed  upon  animal  substances,  and^  therefore,  doubtlessly,  in  the  larvie 
of  the  Phryganea  and  in  the  Antliofh  &c.,  which  also  devour  animal 
matter,  it  ^also  contains  ammonia  *  and  a  material  allied  to  the  homy 

•  OmcUa'i  Gbemi«,  vol.  ii.  Ft.  2,  p.  1475. 
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sabfitance^  the  praenoe  of  which  is  to  be  deduced  from  the  Tariety  of 
their  food. 

True  poison  glands  are  less  generally  distributed :  we  have  de- 
scribed them  above  (§  [140)  among  the  appendages  of  the  female 
sexual  organs*  They  are  found  only  in  the  Htfmenopier(i,  vie.  in  the 
Pompiii,  Spkeges,  wasps  and  bees.  The  secretion  of  these  organs  is  a 
sharp  ccMTosive  fluid,  which  is  the  principal  cause  of  the  violent  pain 
that  is  experienced  from  the  puncture  of  these  insects.  The  form  of 
the  stingy  which  has  also  been  described  above  (§  145),  enables  them 
to  insert  this  poison  into  the  wound  at  the  time  of  the  puncture,  as  the 
sting  is  not  simple,  but  consists  of  several  setae,  which  form  a  narrow 
canaL  We  find,  likewise,  in  the  Lepidopiera^  appendages  which,  in 
structure  and  place  of  opening,  appear  to  be  analogous  to  these  poison 
glands.  This  analogy  is  supported  by  the  intelligence  of  some  residents 
at  the  Cape  of  Good  Hope,  who  inform  us  that  there  is  a  lepidopterous 
insect  known  there  bv  the  name  of  the  bee-moth,  which  defends  itself 
in  stinging  when  captured,  and  the  puncture  is  so  painful,  that  a  large 
swelling  speedily  arises  which  quickly  produces  inflammation  *.  The 
chemical  composition  of  this  poisonous  fluid  cannot  be  given  without 
analysis :  it  perhaps  contains  a  free  add  allied  to  the  formic  acid,  or  is, 
probaUy,  the  very  same  thing,  which  supposition  is  supported  by  the 
similarity  ni  the  pain  to  that  of  a  wound  from  an  ant.  These  creatures^ 
namely,  have  no  sting,  but  yet  they  possess  the  poison  organs,  and 
project  from  their  anus  by  raising  their  abdomen  this  sharp  fluid  against 
their  enemies.  Its  acuteness  is  shown  by  the  violent  pain  caused 
by  being  sprinkled  with  it.  They  also  defend  themselves  by  biting, 
but  their  bite  is  harmless.  That  these  organs  are  analogous  forms 
to  the  nrinary  organs  of  the  Carahodea  and  Dyiici,  is  on  the  one  side 
supported  by  their  similar  situaticm  at  the  extremity  of  the  body,  yet 
with  this  important  diflerence,  that  these  open  above  the  intestinal 

*  Iiit.  1831,  p.  1917.  FVom  a  letter  reeeiTed  by  Profewor  Reich  from  the  Cape  of 
Good  Hope.  It  if  the  opiaioii  of  the  entomologists  cited  there,  that  the  projecting  sting 
is  the  male  oigaa,  bat  it  is  contradicted  by  a  Braxilian  Cosaut  in  the  Royal  Entomological 
CoUection  at  Berlin,  and  which  is  a  female :  it  has  a  long  and  rery  pointed  iting,  which 
is  recnrred,  but  I  was  not  at  liberty  to  inspect  it  more  closely.  According  to  analogy, 
this  sting  can  be  nothing  else  than  an  ovipositor  formed  by  the  projection  of  the  homy 
ridges  found  in  the  vagina  of  all  insects.  It  appears  most  to  correspond  with  the  sting  of 
the  HymenopterOy  yet  it  appeared  to  me  that  the  exterior  sheaths  were  wanting,  if  I  may 
trust  a  Tery  superficial  glimpse  whidi  was  all  I  could  have  of  it. 
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canal,  the  former,  however,  beneath  it,  into  the  evacoating  duct  of  tlie 
sexual  organs ;  on  the  other  side,  by  their  similar  form,  ther  alao 
forming  serpentine  or  ramose  canals,  which  terminate  in  a  larger 
reservoir,  or  bladder.  In  both  cases  they  are  double,  but  the  poison 
organs  empty  themselves  into  a  bladder  with  a  single  duct,  whereas  the 
urinary  bladders  remain  separated  and  have  two  distinct  orifices. 

We  also  discover  frequently  in  insects  peculiar  secretions,  which  are 
found  limited  to  certain  &milies.  They  betray  themselves  especially 
by  the  smell  which  insects  possessing  them  either  constantly  produce, 
or  only  upon  certain  occasions.  Thus  the  large  Carabodea  smell  like 
fresh  Russia  leather,  which  must  be  ascribed  to  a  secretion  that  is 
emitted  through  one  of  the  articulating  membranes.  This  supposition 
is  supported  by  the  milky  secretion  which  is  poured  forth  in  abundance 
through  the  articulating  membrane  between  the  head  and  pruthwax 
and  mesothorax,  by  recently  captured  Dytici,  and  which  has  an 
offensive  stench  like  that  of  putrid  urine.  In  Meioe,  a  different 
oily  fluid  is  secreted  in  the  articulating  membranes  of  the  1^.  In 
neither  of  the  two  former  instances  could  I  discover  a  distinct  secreting 
organ,  and  Brandt  was  equally  unsuccessful  in  Meloe  *.  The  sharp 
secretion  of  the  Cantharides  is  universally  known,  for  which  also  no 
distinct  secreting  organ  is  to  be  found,  but  which  seems  to  be  deposited 
principally  in  the  hard  horny  parts.  Here  the  excretion  exhibits 
itself  as  a  peculiar  substance,  which  chemists  designate  by  the  name 
of  cantharis  camphor  t,  and  which  alone  possesses  the  property  of 
blistering.  It  is  also  found  in  other  genera  and  species  of  this  family, 
for  instance,  in  M^labris,  which  is  the  true  Caniharis  of  the  ancients. 
Other  volatile,  ethereal,  and  peculiar  secretions  are  observed  in 
CaUichrama  moschatum,  the  spurious  Spanish  fly,  which  insect  betrays 
itself  at  a  considerable  distance  even,  by  its  agreeable  and  peculiar 
smell;  in  the  stinking  burying  beetle  {Necrophorus),  dung  beetles 
{Scarabeu*^  and  in  some  ChrysomeUe  and  CoccinellcB,  The  last 
especially,  upon  being  touched,  emit  a  yellow  fluid  through  the  segments 
of  the  abdomen,  which  smells  strongly  of  opium.  Perhaps  it  is  from 
this  that  they  have  been  applied  in  the  toothach.  The  Hemiptera 
are  distinguished  among  the  other  orders,  and  especially  the  bugs,  by  a 
very  peculiar  insufferable  stench,  which  is,  however,  only  to  be  detected 

*  Anndthiere,  vol.  ii.  Pt  4,  p.  104. 
t  Gmelin's  Chemie,  toI.  ii.  Pt.  ],  p.  427 
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upon  touching  or  pressing  the  creature,  and  is  probably  produced  bj 
a  peculiar  secretion,  which  serves  them  as  a  defence  against  their 
enemies. 

Among  the  Hymenoptera  also  many  bees  are  distinguished  by  a 
peculiar  very  agreeable  smell,  which  may  in  many  instances  however 
originate  from  the  flowers  they  visit. 

One  genus  of  this  large  family,  the  domestic  bee,  produces  a  secre- 
tion of  a  distinct  nature,  which  is  not  found  in  anv  other  insect.  This 
secretion,  which  distinguishes  itself  less  by  its  smell  than  by  its  peculiar 
quality,  is  the  wax  of  which  the  bees  construct  their  cells.  The 
secreting  organ  is  found  in  the  space  between  the  ventral  plates  of  the 
five  intermediate  abdominal  segments,  and  exhibits  itself  as  a  delicate, 
soft,  structureless  membrane  which  passes  ^m  the  superior  half  of 
each  ventral  segment,  and,  describing  an  arch,  inserts  itself  in  the 
preceding;  hence  it  is  the  true  articulating  membrane  itself,  which 
has  here  transformed  itself  into  a  perfect  secreting  organ.  But  such 
a  function  of  the  articulating  membrane  is  not  without  analogy  in  other 
insects,  for  in  the  Dyiici  the  membrane  between  the  head  and  thorax, 
in  Mehe  that  between  the  femur  and  tibia,  and  in  CoccineUa  that 
between  the  several  ventral  plates,  is  a  true  secretory  organ.  The 
form  of  the  secreting  surface  presents  itself  as  a  long  octagon,  which  is 
divided  into  two  halves  by  a  central  homy  ridge.  This  octagon  lies  at 
the  anterior  surface  of  each  of  the  central  five  ventral  plates,  and  stands 
in  connexion  with  the  posterior  side  of  the  preceding  plate,  by  means 
of  a  proc€!to.  Thus  each  bee  has  five  secreting  pockets  in  its  abdomen. 
In  these  pockets  the  wax  is  prepared  in  the  form  of  very  thin,  white, 
and  very  fragile  plates,  which  are  firmly  attached  to  the  secreting 
surface,  and  thence  removed  when  the  bee  wishes  to  construct  a  cell. 
For  this  purpose  it  breaks  the  wax  plates  into  small  pieces,  and  by 
means  of  its  saliva  it  prepares  with  it  a  soft  pappy  substance,  which 
is  stuck  together  in  small  pieces,  and  afterwards  smoothed  by  the 
mouth  with  the  assistance  of  the  saliva  *.  The  saliva,  therefore,  from 
possessing  the  property  of  dissolving  the  wax,  must  be  of  an  alkaline 
nature,  which  is  proved  also  by  its  organs  becoming  red  when  laid  in 
vinegar.  In  the  other  families  of  the  Hymenoplera,  on  the  contrary, 
namely,  in  the  ants,  a  superfluity  of  add  is  found  in  the  body,  which 

*  See  G.  R.  Trerinnus,  in  the  Zeitscrift  fiir  Physiologie,  toI.  iii.  p.  62.,  upon  these 
Knuc-prepuing  oTgans,  and  the  mode  in  nrhich  the  bees  work  it. 
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betrays  itsdf  not  merely  by  its  smell  but  more  by  a  peculiar  but  not 
unpleasant  taste.  That  tliis  acid  is  found  especially  in  the  abdomen  is 
well  known^  but  we  are  unacquainted  with  the  oi^an  that  secretes  it; 
it  is  probable  that  the  poison  organs  and  the  acid  are  both  merely  a  very 
sharp  urine. 

Among  the  Lepidoplera  peculiar  secreting  organs  have  been  found 
in  some  larys,  for  instance^  in  the  larva  of  Harpya  vinula,  which  has 
a  little  bag  at  the  ventral  plate  of  the  first  abdominal  segment,  that^ 
when  filled,  is  of  about  the  size  of  a  pea,  and  the  aperture  to  which  is 
a  transverse  incision  at  the  same  spot.  The  fluid  contained  in  it  is  m 
powerful  acid,  which  produces  pain  and  inflammation  upon  a  delicate 
skin*.  In  the  caterpillar  of  Pieris  Mackaon  there  is  a  similar  furcate 
secreting  organ  in  the  neck,  which  is  projected  upon  its  beii^  roughly 
handled.  The  getting  greasy,  as  it  is  called  in  Lepidoplera^  also  indicates 
a  great  provision  of  secreted  juices.  In  Harpya  vinula  it  is  frequently 
the  case,  and  we  might  thence  suppose  it  to  be  consequent  upon 
the  secretions  of  the  caterpillar.  The  liquid,  however,  seems  to  be 
no  oil,  but  rather  an  add.  Lastly,  among  the  Dipiera  we  find 
individual  instances  of  a  presence  of  peculiar  secretions,  for  examplei^ 
in  CoBHomya  Jerrugifiea,  Meig.  {Sicus  ferrug.,  S.  bilicar,  and  S^ 
errans,  Fab.)  ;  some  of  the  flies  which  belong  to  the  division  of  those 
with  a  spiny  scutellum  (Dtp/,  notacantha),  which  Meigen  called  whey- 
flies,  from  their  penetrating  smell,  resembling  that  of  green  whey 
cheese.  This  smell,  which  proceeds  from  the  whole  body,  and  which 
cannot  be  ascribed  to  any  local,  excretion,  remains  even  aiong  time 
after  death,  whereas  the  majority  of  such  odours  then  speedily  eva* 
porate. 

§  226. 

II.  FUNCTION  OF  THE  AIR  TUBES,  RESPIRATION. 

The  chief  object  of  respiration  is  to  adapt  the  circulating  fluid, 
destined  for  assimilation  with  the  organic  mass  to  that  purpose,  by  the 
addition  of  another  substance,  viz.,  atmospheric  air  or  oxygen.  To 
attain  this  we  find  in  the  majority  of  instances  distinct  respiratory 
organs,  namely,  a  m^e  or  less  distributed  respiratory  sur&ce,  which 
must  be  purely  considered  as  either  an  internally  or  externally  produced 
continuation  of  the  epidermis,  and  in  which  the  fluid  circulates,  and 


*  Reagger't  Phyiiolog.  Vnlenaeb.,  p.  427. 
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which  thus  stands  in  constant  connexion  with  the  air^  whereas,  when 
this  continuation  of  the  epidermis  forms  an  internal  cavity,  the  oxidised 
respiratory  medium  is  received  in  it.  These  cavities^  which  are  every- 
where distributed  throughout  the  bodies  of  insects,  we  have  described 
above,  according  to  their  most  general  forms,  as  air  tubes  or  tracheee ; 
they  constitute  the  respiratory  organ,  which  is  consequently  neither 
external  nor  partial^  but  is  distributed  throughout  the  entire  compass 
of  the  cavity  of  the  body  in  uniform  perfection.  The  structure  of  the 
respiratory  organ  will,  therefore,  be  fully  known  when  we  shall  have 
proved  that  these  air  tubes  and  no  other  portion  of  the  body  actually 
constitute  it.  Commencing  with  this  proof,  the  subsequent  divisions  of 
this  diapter  will  be  occupied  with  the  mechanism  of  respiration,  and 
its  effects  upon  the  corporeal  functions. 

§227. 

With  respect  to  the  proofs  that  the  tracheae  are  the  actual  respi- 
ratory organs  of  insects,  the  most  superficial  anatomical  inspection  of  an 
msect  shows  us  that  air  is  found  in  these  tubes,  and  that  we  nowhere 
find  internal  apertures  to  these  trachese,  but  constantly  external  ones. 
Besides,  air  is  seen  to  pass  through  the  external  orifices,  pr  spiracles, 
idien  living  insects  are  cast  into  water,  as  air  bladders  rise  from  them 
to  the  surface  of  the  water.  But  Treviranus's  *  experiment  is  the 
strongest  proof ;  he  placed  the  large  green  locust  (Locusta  viridissimd) 
beneath  a  turned  up  glass  filled  with  water,  and  then  saw  an  air  bubble 
rise  from  the  spiracle  between  the  meso-  and  meta-thorax,  which  regu- 
larly decreased  with  the  respiratory  motion  of  the  creature,  and  again 
increased  with  its  distension.  Hausmann  also  observed  an  ascent  and 
descent  of  the  water  in  a  glass  tube  closed  above,  the  superior  space  of 
which  contained  air  and  a  green  locust,  and  this  took  place  syn- 
chronally  with  the  inspiration  and  expiration  of  the  insect  t-  Other 
&cts  which  prove  the  function  of  the  air  tubes  as  respiratory  organs 
are,  for  instance,  the  speedy  death  of  all  insects  whose  spiracles  are 
closed  with  oil  or  gum^  so  that  no  fresh  air  can  enter  the  trachese, 
besides  the  ascending  to  the  surface  of  all  such  water  insects  which 
have  no  branchitt,  and  lastly,  the  projection  to  the  surface  of  the  air- 
tubes  whilst  the  remainder  of  the  creature  is  immersed  in  the  water. 
In  addition  to  these  direct  observations  upon  the  respiratory  function  of 

*  Biolope,  ToL  IT.  p^  168.  t  I>e  Animai  czMuig.  raspint.,  p»  8^ 
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trachee  we  have  other  indirect  proofs  derived  from  their  structure. 
These  are  their  anatomical  conformity  with  the  tracheae  of  the  higher 
animals^  their  distension  into  bags  and  bladders,  which  correspond  with 
the  cells  of  the  lungs  and  its  bags ;  and,  lastly,  the  deficiency  of  a 
peculiar  respiratory  organ,  which  would  be  the  more  necessary  in  insects, 
from  their  being  covered  with  a  hard  integument,  which  could  not 
exercise  that  function.  All  these  fects  confirm  the  trachese  to  be  the 
true  and  sole  respiratory  organs  of  insects,  and  that  air  containing  oxy-^ 
gen  is  received  into  them  through  the  spiracles,  air  tubes,  or  branchic. 

§  228. 

If  we  now  return  to  the  mechanism  of  respiration,  we  shall  find  that 
it  presents  itself  throughout  the  animal  world  as  a  rhythmical  motion 
of  the  body,  whereby  the  medium  containing  the  oxygen  is  brought  into 
incessant  contact  with  the  respiratory  organs.  This  motion  in  insects 
is  consequently  for  the  purpose  of  introducing  atmospheric  air  within 
the  tracheie,  which  object  is  attained  by  the  opening  of  the  spiracles 
which  close  the  apertures  of  the  trachess.  If  the  abdomen  of  the  insect 
distends  at  the  same  time  as  the  spiracles  open,  the  air  must  necessarily 
pass  into  the  tubes  which  are  now  opened,  and  when  the  abdomen 
contracts,  the  just  inspired  air  will  consequently  be  forced  out  again. 
Thus  all  respiratory  motion  presents  itself  as  a  rhythmical  compression 
and  expansion  of  the  cavities  of  the  body,  and  especially  of  the  abdomen. 
The  muscles  which  produce  this  motion  are  the  same  as  those  described 
above  as  connecting  the  several  parts  of  the  skeleton  together,  namely, 
the  straight  dorsal  and  ventral  muscles  of  the  abdomen.  The  thorax 
appears  to  participate  less  in  the  contraction  of  the  cavities  of  the  body, 
at  least  no  contraction  or  dilatation  of  it  is  to  be  detected  in  insects 
quietly  breathing;  and  also  the  intimate  and  firm  connexion  of  the 
several  parts  of  it  together  prevents  such  an  alteration  of  its  compass 
in  repose.  But  whether  the  cavities  of  the  trachec  are  also  contracted 
upon  the  considerable  compression  of  the  abdomen,  is  uncertain. 
Nitssch  *  has  in  many  instances  observed  that  there  was  no  altentioa 
during  respiration,  whereas  he  detected  in  the  lai^  air  bladUkrs  of  the 
Diptera  and  of  the  Hymenopiera  a  distinct  compression  upon  the  con- 
traction of  the  abdomen,  but  which  evidently  appeared  to  proceed  from 
the  latter,  and  not  from  a  contraction  of  the  air  bladder.itself  f .   Hence, 

«  Comment,  de  Ropint.  Animal,  p.  88.  •f  Ibid.  |».  S9. 
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therefore,  the  rigid  spiral  filament  which  encircles  all  tracheae  is 
especially  adapted  to  its  constant  distension,  precisely  as  is  the  case 
iiith  the  cartilaginoos  tracheie  of  the  superior  animals.  Gonseqnently^ 
by  means  of  the  elasticity  of  this  filament,  the  trachea  spontaneously 
distends  upon  the  distension  of  the  abdomen^  the  compression  of  which 
Lad  decreased  its  compass ;  and  possibly  it  is  as  much  distended  beyond 
its  natural  size,  by  the  introduction  of  air  upon  inspiration,  as  it  had 
been  previously  contracted  by  the  contraction  of  the  abdomen,  at  least 
€lomparetti*s  experiments  *  upon  locusts  opened  alive  appear  to  indicate 
as  much,  but  it  cannot  be  kept  constantly  contracted  or  distended 
beyond  its  usual  size  owing  to  this  filament. 

In  general  the  respiratory  motion  is  very  unequal;  it  is  either 
quicker  or  slower,  according  to  the  state  of  excitement  or  repose  of  the 
entire  system.  It  appears  also  to  vary  considerably  in  the  several 
orden.  Sorg  observed  t  in  Lucanus  Cervus  from  twenty  to  twenty-five 
contractions  in  a  minute,  whereas  in  Locusla  viridissima  ^  there  were 
from  fifty  to  fifty-five,  and  in  DeUephila  Euphorbia  ^  only  twenty. 
In  a  cockcha&r,  whose  elytra  I  had  cut  half  off,  I  could  detect  no 
pulsation  at  all,  even  with  the  greatest  attention,  and  by  means  of  a 
lens,  so  long  as  it  remained  inactive  and  as  it  were  asleep ;  but  upon 
taking  it  into  my  hand,  the  warmth  of  which  aroused  it,  pulsations 
were  to  be  seen,  at  first,  it  is  true,  very  irr^;ular,  both  in  intensity  and 
the  interval  that  elapsed  between  them,  but  it  at  last  breathed  regularly 
when  preparing  for  flight,  and  there  were  now  about  twenty-five 
contractions  in  a  minute  ;  but  the  abdomen  after  each  contraction 
gradually  decreased,  never  subsequently  distending  so  widely  as  at  first, 
but  likewise  it  compressed  itself  more  and  more,  so  that  there  was  an 
equal  ratio  between  the  decrease  of  its  dilatation  and  the  increase  of  its 
contraction*  Shortly  before  taking  flight  it  moved  its  whole  body  as  it 
were  convulsively,  the  head  was  protruded  and  withdrawn,  pro-  and 
mesothorax  were  also  loosened  from  each  other  and  again  brought 
together,  and,  lastly,  the  valve  of  the  cloaca  was  widely  opened,  and  it 
appeared  to  struggle  during  its  violent  respiration  as  if  desirous  of 
disencnmbering  itself  of  an  oppressive  load*    But  all  its  endeavours 

*  Obi.  Anat  do  Aarft  Intemt  eomp.  p.  290»  socording  to  Travimnu^f  Biologie,  to1« 
Iy.  p.  161. 

t  Dtiquisit.  Phyuol.  dica  Retpint.  Insectorum  ot  Vermium,  p.  27. 
X  Ibid.  p.  46.  {  Ibid.  p.  66. 
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were  in  vain,  for  its  clipped  wings  made  flight  impossible.  Libellula; 
which  are  held  by  the  wings  behind,  may  be  very  well  examined^  and 
the  pulsations  of  the  abdomen  are  very  distinct,  but  no  motion  is  to  be 
detected  in  the  thorax.  The  number  of  these  pulsations  is  greater  than 
in  the  cockchafer,  but  not  so'^great  as  in  the  green  locust.  I  estimate 
them  at  from  thirty  to  thirty-five  in  a  minute.  I  consider,  besides, 
that  the  pulsations  increase  when  the  voluntary  motions,  for  instance^ 
that  of  flight,  are  in  exercise,  which  I  conclude  from  the  respiration  of 
a  lAhellula  held  in  the  above  manner,  increasing  upon  its  endeavours 
to  free  itself.  During  this,  however,  the  spiracles  of  the  abdomen  did 
not  appear  to  inspire^  and  the  contractions  of  the  abdomen  recommenced 
only  after  the  motion  of  the  thorax.  Treviranus*  concluded^  from 
similar  observations,  and,  indeed,  justly,  that  the  spiracles  of  the 
abdomen  respire  during  repose,  whereas  those  of  the  thorax  are  especially 
in  action  during  flight.  He  cites  as  a  proof,  that  the  same  muscles 
which  contract  the  cavity  of  the  thorax,  our  straight  dorsal  and  pectoral 
muscles  as  well  as  the  oblique  lateral  and  dorso-lateral  muscles,  effect 
the  first  expansion  of  the  wings  by  the  general  contraction  of  the  thorax^ 
and,  subsequently,  in  conjunction  with  the  true  alary  muscles^  produce 
the  motion  of  flight  by  the  alternating  distension  and  contraction  of 
the  thorax.  During  this  motion  of  the  thorax,  air  must  necessarily 
pour  in  and  out,  particularly  as  the  expiration  of  the  abdomen  pro- 
gressively increases,  as  is  proved  by  my  observations  upon  the  cockchafer, 
and  the  deeper  it  becomes,  the  earlier  do  the  spiracles  of  the  thorax 
commence  breathing,  and  this  supposition  is  strongly  supported  by  the 
motion  of  the  head  and  prothorax.  At  the  very  moment,  however,  that 
the  beetle  flies  off,  it  compresses  its  whole  abdomen  together,  and  this 
is  continued  during  its  whole  flight,  a  dear  proof  that  the  whole  functioift 
of  respiration  now  is  effected  by  the  spiracles  of  the  thorax.  We  may 
also  note  that  the  sudden  breathing  of  the  abdomen  in  insects  upon  their 
settling  after  flight,  namely,  in  the  flies,  bees,  and  wasps,  tends  to 
support  it.  The  longer  the  creature  reposes,  the  slower  and  more 
regular  the  pulsations  of  the  abdomen  become.  This  opinion  also  of 
the  respiration  through  the  spiracles  of  the  thorax  gives  a  suflident 
explanation  of  the  humming  noises  produced  by  most  insects  during 
flight,  as  I  shall  prove  in  detail  below,  for  it  cannot  be  conceived  that 
the  mere  flapping  of  the  wing  can  produce  it,  but  that  it  proceeds 

*  Das  organiiche  Leben,  t  i.  p.  262. 
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from  the  air  streaming  in  and  out  of  the  thorax  during  flight.  We 
-find  also  the  motion  in  the  wings  of  insects  even  at  rest  during  their 
chirping  and  crying,  for  instance^  of  the  great  grasshopper,  to  harmonise 
with  this  opinion,  for  without  the  air  streaming  out  of  the  thorax  upon 
the  fluttering  wings,  not  a  tone  could  be  produced.  Therefore^  the 
voice  of  all  insects  is  no  mechanical  friction  of  portions  of  the  skeleton^ 
but  in  them^  as  elsewhere^  it  stands  in  immediate  connexion  with  the 
respiratory  apparatus  and  its  outlets^ 

§229. 

.  The  spiracles  themselves  participate  somewhat  in  the  pulsations  of 
the  entire  body,  at  least  in  the  larger  ones  which  lie  exposed  upon  the 
surfiice  of  the  body  on  opening  and  shutting  of  them,  synchronal  with 
the  in-  and  ex-piration  has  been  observed.  We  also  know,  from 
the  preceding  description  of  all  the  forms  of  these  spiracles,  that  only 
those  which  lie  exposed  are  supplied  with  a  peculiar  apparatus  for 
the  opening  and  closing  of  their  lijw,  whereas  those  which  are 
concealed  beneath  portions  of  the  skeleton  exhibit  either  none  or 
only  a  partially  closing  margin.  Such  spiracles  consequently  do  not 
appear  to  be  able  to  be  closed,  but  the  air  seems  constantly  to  pass  in. 
and  out  with  each  breath.  Other  writers,  on  the  contrary,  maintain  a 
complete  closing  of  the  spiracle  in  some  insects  by  means  of  extraneous 
substances  which  lay  in  front  of  it.  Reaumur  was  the  first  to  observe 
this  closing  of  the  spiracles  in  a  pupa  by  means  of  a  viscous  substance^ 
and  Sprengel*  confirmed  it.  If  now  such  a  substance  shall  have 
been  observed  in  insulated  cases,  which  may  not  be  doubted,  from  the 
positive  assertion  of  Sprengel,  it  can  occur  only  as  an  exception,  per- 
haps, in  consequence  of  the  diseased  state  of  the  caterpillar  ;  or  it  wa» 
perhaps  a  peculiar  secretion  which  was  separated  around  the  spiracle, 
and  at  a  moment  of  danger,  for  instance,  upon  being  touched,  flowed 
in  front  of  the  spiracle,  to  prevent  the  application  of  something  preju- 
dicial 3  subsequently,  however,  when  the  caterpillar  no  longer  feared 
the  presence  of  its  enemy,  was  again  absorbed,  or  mechanically  removed  ^ 
perhaps  also  the  substance  may  have  got  there  by  accident.  In  all 
cases,  however,  free  respiration,  would  be  impeded  by  it,  and  this 
stoppage  could  not  last  long  without  becoming  prejudicial  to  the  insect. 
It  appears,  therefore,  probable  to  me,  that  all  pupa  in  which  such 

*  Comnient.  de  Parlib.  $  4. 
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a  stoppage  of  the  spiracles  has  been  observed,  were  either  dead  or  upon 
the  point  of  death.  But  that  the  function  of  respiration  may  be  long 
interrupted  in  pupa^  is  attested  by  a  number  of  experiments,  and, 
therefore,  it  is  not  at  all  improbable  that  the  pupa  may  have  exhibited 
signs  of  life  even  when  its  spiracles  were  stopped  up. 

The  earliest  physiologists,  viz.  Malpighi  and  Reaumur,  instituted 
experiments  upon  the  effects  of  stopping  the  spiracles  with  oil  or  gum, 
and  obtained  the  result,  that  if  the  stoppage  were  long  continued,  it 
would  cause  the  death  of  the  insect.  More  recently,  Moldenhawer  *, 
in  proof  of  his  view  that  the  spiracles  were  not  the  orifices  of  the 
respiratory  organs,  made  many  experiments  by  stopping  them  with  oil, 
and  the  result  obtained  from  his  investigations  was,  that  not  merely 
stopping  the  spiracles,  but  even  merely  brushing  it  over  with  oil,  was  Iktal 
to  the  insect  system.  But  this  is  not  the  case.  O.  R.  Treviranna  f, 
who  repeated  many  of  his  experiments,  observed  death  to  ensue  only 
upon  the  stoppage  of  all  its  spiracles,  and  not  when  the  body  or  portions 
of  it  were  brushed  over  with  oil;  and' indeed  upon  the  complete  stoppage 
of  all  the  spiracles,  it  was  some  hours  before  death  was  produced.  Thia 
was  the  case  with  insects  found  under  water.  But  the  effects  of  the 
stoppage  were  very  various :  caterpillars  lived  longest ;  perfect  insects 
were  sooner  killed ;  some,  even  upon  a  partial  coating  of  oil,  for  instance, 
a  wasp,  the  breast  and  venter  of  which  was  covered  with  oil  of  almonds, 
died  in  a  few  minutes.  But  as  it  is  precisely  npon  the  breast  and 
ventral  portions  that  the  orifices  of  the  spiracles  are  placed,  we  may  pre^ 
sume  that  they  were  stopped  in  this  experiment.  That  it  does  not  prove 
fatal  to  cover  some  only  of  the  spiracles,  is  proved  by  an  experiment 
npon  a  Meloe,  the  ventral  spiracles  of  which  were  closed.  Its  preceding 
activity  remained  almost  unaltered,  for  the  spiracles  of  the  breast,  which 
Treviranus  does  not  indeed  know  in  insects,  remained  free,  and  through 
these  the  beetle  could  breathe  {. 

Whereas  it  has  been  observed  npon  the  covering  of  some  of  the 
spiracles  only,  namely,  those  lying  upon  the  same  segments,  there 
ensued  a  partial  laming  of  that  portion  of  the  body  thus  deprived  of 

*  Beitrilge  zur  Anatomie  der  Pflanzen,  p.  309. 

f  Biologie,  toL  It.  p.  151. 

X  I^  orguiische  Leben,  p.  257*  The  majority  of  observations  hen  made  upon  the 
situation  of  tho  spindes  in  the  several  orders  b  erroneous,  as  the  description  we  have  given 
above  will  prove. 
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air,  Reaumur  and  Bonnet*  among  the  earlier  naturalists,  and 
Treviranus  among  the  modems,  have  made  experiments  upon  this 
point.  According  to  Bonnet,  the  oil  inserts  itself  within  the  spiracle, 
and  by  that  means  still  more  impedes  respiration.  Treviranus,  who 
atopped  only  the  posterior  spiracles  of  the  caterpillar  of  Cossus  ligniperda 
with  oil,  observed  a  tremblings  and  raising  of  the  last  abdominal 
segment,  but  which,  however,  soon  disappeared,  after  which  the  cater- 
pillar exhibited  no  further  morbid  symptom.  The  same  was  the  case 
with  a  green  locust,  the  thoracic  spiracles  of  which  were  stopped  with 
oil :  at  first  the  1^  appeared  to  become  weaker  and  motionless,  but  it 
subsequently  recovered.  My  opinion  is  that  this  phenomenon  of  a 
partial  laming  can  present  itself  only  immediately  after  the  closing  of 
the  spiracle,  for  subsequently  air  will  pass  from  other  spiracles  into 
those  trachec  whose  orifices  have  been  closed,  particularly  as  all  the 
tradieas  stand  in  immediate  connexion  together,  at  least  in  the  majority 
of  insects.  It  is  only  so  long  as  the  organisation  is  deprived  of  this 
auxiliary  assistance,  that  symptoms  of  lameness  can  appear.  But  even 
without  this  assistance,  it  is  scarcely  advisable  to  seek  in  animals  which 
stand  only  upon  a  central  grade  of  organisation  for  the  uniform  pheno- 
mena observable  in  the  more  regulated  conditions  of  life  of  the  superior 
animals*  How  long  a  time  cannot  insects  pass  beneath  water  or  in 
spirits  of  wine  without  respiring,  and  yet  recover  from  their  stupor  ! 
In  the  latter  they  indeed  speedily  die,  but  I  know  many  instances  of 
beetles  having  been  immersed  in  spirits  of  wine  for  twelve  hours,  and, 
upon  being  removed  from  it,  recover  all  their  functions.  But  it  is 
much  more  fatal  for  insects  to  inspire  air  impr^nated  with  the  fumes 
of  evaporated  spirits  of  wine ;  it  is  true  that  here  they  die  more  slowly, 
but  at  the  latest  in  the  course  of  half  an  hour,  and  when  once  thoroughly 
made  torpid,  they  do  not  again  recover.  ^ 

§  230. 

The  mechanism  of  respiration  in  insects  which  live  in  water  is  not 
in  general  different  from  that  of  those  which  live  constantly  in  the  air. 
But  this  observation  refers  especially  to  those  only  which  breathe  even 
in  this  medium  through  spiracles,  whereas  the  process  in  those  which 
breathe  through  gills  is  somewhat  different. 

Those  water  insects  which  breathe  through  spiracles  must  come  to 

*  ContempUtions  de  la  Nature,  t  iL 
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the  sur&ce  of  the  water  when  they  wish  for  fresh  air,  and  bring  thst 
portion  of  their  body  provided  with  these  apertures  in  oommanication 
with  the  air  above  the  surface.  Among  the  beetles  there  are  two 
families  especially  which  live  in  the  water,  namely,  the  HydrocatUkaridu 
and  Hydrophilus,  The  mechanism  of  respiration  differs  in  both.  The 
Dytici,  when  they  wish  to  breathe,  bring  the  posterior  extremity  of 
their  body  to  the  surface  of  the  water,  and  they  then  separate  the  laat 
segment  of  tlie  abdomen  from  the  elytra,  and  thus  admit  air  beneath 
the  elytra  within  the  space  between  them  and  the  abdomen ;  they  then 
close  it  by  pressing  the  last  s^ment  firmly  to  the  abdomen^  and 
return  with  their  fresh  supply  to  the  bottom  of  the  water.  Here 
this  air  is  so  long  inspired  bj  the  spiracles,  which  are  situated  also 
within  this  cavity  between  the  elytra  and  the  abdomen,  as  it  is  fit 
for  respiration,  after  which  the  insect  returns  to  the  surface  of  the 
%vater,  again  to  renew  its  supply.  We  thus  observe  in  these  inaects 
the  same  process  as  we  find  in  those  which  live  in  the  air.  The 
Hydrophili  breathe  differently.  These,  as  Nitzsch  *  has  observed  and 
described  in  detail,  do  not  bring  the  apex  of  the  abdomen,  but  the  head, 
to  the  surface  of  the  water,  and  then  project  one  of  their  davate 
antennae,  the  whole  clava  of  which  is  covered  with  fine  hair,  until  it 
comes  into  contact  with  the  air.  But  they  so  twist  the  clava  that  its 
base  is  exposed  to  the  air  and  the  apex  touches  the  breast,  which,  as 
well  as  the  whole  underside  of  the  insect,  is  clothed  with  short  silky 
pubescence.  By  tliis  means  a  communication  is  made  with  the  external 
air  and  that  beneath  the  water  covering  both  the  clava  of  the  antenae 
and  the  whole  under  surface  of  the  insect  to  which  it  adheres  by  mcana 
of  the  coating  of  down,  and  by  means  of  this  communication  fresh  air 
is  transmitted  to  the  venter  of  the  insect,  and  by  the  same  means  tbe 
expired  air  is  also  removed,  and  the  air  is  likewise  transmitted  from 
the  ventral  surface  beneath  the  elytra,  where  it  is  in-  and  expired  by 
the  spiracles  there  situated.  It  is  to  the  air  thus  adhering  to  the  venter 
that  the  Hydrophili  are  indebted  for  their  lightness.  It  is  with  diffi- 
culty that  the  majority  can  keep  themselves  at  the  bottom  of  the  water 
by  clinging  to  substances  there,  and,  when  once  at  the  surface,  only  by 
the  help  of  other  bodies,  for  example,  the  stem  of  a  plant>  down  which 
they  creep,  can  they  recover  their  situation  beneath.  The  great. 
Hydrophilui  piceus  alone,  by  means  of  its  stronger  muscular  power, 

Reirs  Archiv.  fiir  Physiologie,  t.  z.  p.  440. 
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can  work  itself  beneath  the  water,  and  swim  about  in  it,  although  but 
slowly,  if  unassisted,  whereas  the  Dt/tici  swim  with  the  greatest  facility 
«m  all  sides. — A  third  type  of  water  beetles,  the  Gyrinut  or  whirlwig, 
also  conveys  an  air  bladder  with  it  when  it  dives,  which  he  can  accom** 
plish  only  with  difficulty  and  the  greatest  exertion,  or  by  means  of 
other  assistance ;  he,  however,  receives  the  air  posteriorly  between  the 
abdomen  and  the  el3^ra,  which  is  the  easier  to  him  as  he  swims  freely 
about  in  circles  upon  the  surfkce.  The  larvie  of  the  Dytici  and 
Hydrophili  likewise  breathe  through  spiracles  which  are  situated  at 
the  anal  extremity ;  they  therefore  only  require  to  bring  the  end  of  the 
tail  to  the  surface  of  the  water  when  they  wish  to  respire.  They  are, 
therefore,  seen  with  a  raised  tail  and  pendent  head  hanging  to  the 
sorfiBkce  by  means  of  their  plumose  anal  leaves.  As  soon  as  an  enemy 
approaches  they  hastily  seek  the  bottom,  but  in  the  course  of  a  few 
seconds  resume  their  former  position.  The  perfect  insect,  however^ 
can  remain  longer  beneath  the  water,  as  it  conveys  a  supply  of  un- 
decomposed  atmospheric  air  with  it. 

The  majority  of  the  remaining  insects  which  dwell  in  water  breathe 
through  tubes,  with  the  exception  of  those  which  breathe  by  means  of 
gills.  The  mechanism  of  this  mode  of  respiration  scarcely  differs  from 
that  of  the  general  mechanism  of  respiration.  By  raising  the  air  tube 
to  the  surface  of  the  water,  the  influx  of  fresh  air  is  admitted  to  the 
tiachese,  and  this  ensues  upon  each  expansion  of  the  cavities  of  the  body, 
whereas  by  means  of  each  contraction  the  previously  inspired  air  is 
again  rejected.  But  it  appears  probable  to  me  that  expiration  is 
effected  not  solely  by  the  posterior  tubes,  but  also  through  an  aperture 
immediately  behind  the  head  in  the  first  segment  of  the  body.  I  have 
indicated  these  apertures  in  the  description  given  above  of  the  respiratory 
apparatus  of  the  rat-tailed  maggot ;  they  are  also  found  in  the  majority 
of  the  larvae  of  the  Diplera  which  do  not  live  in  water,  for  instance,  in 
the  maggots  of  the  Musca,  and  also  probably  in  the  larvee  of  the  gnats, 
and  in  these  they  then  develope  themselves  to  the  subsequent  air  tube 
in  the  thorax  of  the  pupa.  As  now  these  anterior  apertures  remain 
constantly  in  the  water,  they  cannot  serve  for  inspiration,  but  being 
present  they  cannot  be  superfluous  in  the  organisation  of  the  larva ; 
besides,  nothing  appears  more  probable  than  that  the  inspired  air  is 
again  expired  through  these  anterior  apertures. 
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§231. 

Respiration  by  means  of  gills  is  found  only  in  snch  insects  as  live 
wholly  in  the  water.  The  situation^  form^  and  differences  of  these 
organs  have  been  given  above  ( §  126 )  in  sufficient  detail :  we  will 
merely  add  here  somewhat  upon  the  mechanism  of  this  mode  of 
respiration.  By  their  deficiency  of  external  apertures  the  gills  are 
chiefly  distinguished  from  the  other  organs  of  respiration.  The  reception 
of  atmospheric  air  within  the  tracheae  is  thereby  naturally  rendered 
more  difficult,  for  its  imbibition  through  the  tunic  of  the  gills  must 
proceed  more  slowly  than  its  mechanical  reception  through  numerous 
apertures.  The  gills^  consequently^  form  large  broad  leaves  or  long 
bunches  of  hair^  around  which  circulates  the  medium  containing  the 
oxygen.  A  second  condition  of  the  reception  of  this  gas  by  means  of 
giUs  is  the  constant  motion  of  these  organs^  by  means  of  which  motion, 
fresh  particles  of  water,  saturated  with  this  gas,  are  brought  into 
contact  with  the  gills.  This  motion  of  the  brauchise  varies  accord-' 
ing  to  their  situation  and  form. 

Lamellate  gills,  situated  at  the  sides  of  the  abdomen,  move  Uke  the 
fins  of  fishes  from  front  backwards,  so  that  throughout  the  whole  series 
of  these  branchial  leaves  a  constant  undulating  motion  is  perceived. 
The  first  lamellee  bend  forwards,  whilst  the  posterior  ones  strike  back- 
wards, and  while  the  former  strike  backwards,  the  latter  are  bending 
forwards.  Thus  the  motion  of  all  the  gills  is  not  contemporaneous, 
but  both  progressive  and  alternating.  By  this  means  these  larvse  do 
not  swim  in  thrusts,  but  r^ularly,  as  by  means  of  a  portion  of  the 
leaves  of  their  gills  they  are  constantly  propelled  the  while  another 
portion  reposes,  and  by  this  portion  they  are  kept  in  motion  when  the 
preceding  is  again  inactive.  By  this  continued  motion  of  the  branchiae, 
the  larva  is  constantly  changing  place,  and  thereby  an  incessant  influx 
of  fresh  air  is  promoted. 

But  if  the  lamellate  or  hair-sliaped  gills  are  placed  at  the  anal 
extremity  of  the  body,  motion  is  produced  by  the  serpentining  of  the 
abdomen,  just  in  the  same  way  as  worms  without  swimming  leaves  move 
in  water.  Thus  the  larve  of  the  Agrions  swim  and  breathe  at  the 
same  time.  And,  lastly,  if  the  gills  lie  in  the  colon  itself,  as  in  the 
larvae  of  Mschna  and  Libellula,  by  the  opening  of  the  anus  and  the 
distension  of  the  colon,  water  is  received  in  the  cavity  of  this  organ. 
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and  by  its  eompresdon  again  rejected :  and  by  the  rejection  of  the 
water  it  is  that  these  larvae  move. 

Hair-shaped  gills^  which  are  situated  upon  the  thorax^  appear  but 
rarely  to  move  independently  ;  in  the  majority  of  cases  it  is  by  means 
of  the  motion  of  the  entire  animal^  which  is  effected  by  the  serpentining 
abdomen^  that  these  gills  come  in  contact  with  fresh  water.  It  is  in 
this  manner  that  the  pupa  of  Chironomus  swims^  and  its  whole  motion 
is  consequently  a  respiratory  motion,  for  these  pupa  take  no  nutri- 
ment. A  variation  from  this  is  the  serpentine  motion  of  the  anterior 
portion  of  the  body  when  the  animal  has  attached  itself  by  its  tail. 
This  motion  also,  which  Nitzsch  *  observed  in  the  pupa  of  ChironomuM 
plumosus,  is  a  mere  respiratory  motion.  Lastly,  if  the  pupa  dwells  in 
an  open  case,  the  entire  bunch  of  gills  moves  either  within  it  or  on 
its  exterior :  thus  the  pupa  of  SitntMa  appears  to  breathe.  Whereas 
the  contact  of  firesh  water  with  the  bunch  of  gills,  which  in  the  larv» 
of  Phtyganea  are  situated  within  the  case,  is  effected  by  the  motion  of 
the  entire  insect,  in  which  fresh  water  is  received  anteriorly  within  the 
cylindrical  cavity,  and,  when  expired,  is  again  rejected  by  the  posterior 
aperture. 

§  232. 

The  question  now  arises,  how  do  the  insects  breathe  which  dwell 
within  the  internal  cavities  of  other  animals  whither  little  or  no 
atmospheric  air  can  reach  ? 

To  answer  this  question,  we  must  first  illustrate  the  cases  in  which 
insects  are  found  in  the  interior  of  other  animals.  AU  these  cases 
refer  to  two  chief  differences,  for  eitber  these  insects  live  in  cavities  to 
which  atmospheric  air  can  easily  and  does  actually  reach,  and  in  which 
case  their  respiration  has  nothing  problematical  and  wonderful ;  or  else 
they  live  in  cavities  which  are  thoroughly  closed  from  the  admission  of 
any  air.  The  first  case  is  found  in  the  instance  of  the  larvae  of  the 
(Estri,  These  dwell  either  in  the  cavities  of  the  nose  or  stomach,  or 
beneath  the  skin,  in  tumours  in  horses  and  the  ruminantia.  The  air 
can  reach  all  these  cavities,  which  also  contain  atmospheric  air,  and 
indeed  those  larvae  which  live  in  tumours  constantly  protrude  their  anal 
end,  where  the  two  spimdes  are  placed,  out  of  the  tumour,  and  thus 

'  ConuMni.  de  ntpint.  Aninudium,  p.  40, 
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breathe  like  all  others^  or  rather  like  the  majority  of  the  lanrse  of  the 
Diptera.  The  second  instance^  however,  is  found  in  the  Ichneumons^ 
which  do  not  live  in  the  intestine^  but  in  the  cavity  of  the  body  of  other 
insects,  between  the  intestine  and  the  skin.  That  these  creatures  must 
breathe  admits  of  no  doubt ;  and  indeed  that  they  breathe  precisely  in 
the  same  way  as  the  larve  of  the  other  Hymenoptera,  namely,  through 
spiracles,  is  as  certain  as  that  they  do  not  at  all  differ  in  their  organi- 
sation from  those  larvae.  We  can,  therefore,  adopt  no  other  suppositioi^ 
than  that  such  larvae  participate  in  the  respiration  of  the  insect  upon 
which  they  are  parasitic,  and  that  they  breathe  the  air  that  passes 
through  the  trachese  into  the  cavity  of  the  body,  or  that  they  pierce  a 
trachea,  and,  remaining  in  its  vicinity,  respire  the  air  pouring  from  it. 
Such  a  wound  to  the  respiratory  apparatus  would  not  produce  death, 
for  it  has  still  sufficient  unwounded  tracheae,  and  it  would  require  only 
to.be  a  small  branch  that  would  admit  of  the  passage  of  sufficient  air  for 
the  minute  larva  of  an  Ichneumon.  Those  caterpillars  infested  by 
parasites  are  always  evidently  ill,  and  this  disease  may  proceed  perhap«» 
from  the  interruption  in. various  parts  of  the  function  of  respiration, 
and  this  interruption,  together  with  the  constant  decrease  of  the  fatty 
substance  of  the  pupa,  may  deprive  it  of  its  remaining  strength,  and 
thus  slowly  kill  it  After  the  death  of  the  pupa,  the  remainder  of  its 
internal  organs  are  consumed  by  the  parasite,  or  else  the  numerous 
parasitic  larvee  pierce  the  skin  of  the  caterpillar,  and  thus  kill  it  before 
it  can  change  into  the  pupa  state. 

§233. 

Having  now  shown  the  various  kinds  of  mechanism  by  which 
atmospheric  air  is  admitted  to  the  internal  organs  of  respiration,  we 
frirther  ask  what  is  the  object  of  this  admission  of  atmospheric  air,  and 
^hat  changes  does  it  itself  undergo  ?  The  reply  is  given  in  the  result 
of  the  various  experiments  of  Sorg,  Hausmann,  and  others,  upon  the 
decomposition  of  air  during  the  breathing  of  insects,  and  it  is,  "  All 
breathing  insects  deprive  the  air  of  a  considerable  portion  of  its  oxygen, 
and  give  off  in  lieu  of  it  carbonic  acid."  The  quantity  of  oxygen 
withdrawn  by  breathing  varies  according  to  the  size  of  the  creature, 
and  the  intensity  of  its  respiration,  and  the  quantity  of  carbonic  acid 
given  off  varies  just  as  much.  But  thus  much  appears  confirmed,  that 
considerably  more,  oxygen  is  consumed  by  the  creature  than  carbonic 
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acid  given  off.  And  the  more  perfectly  developed  respiring  animals 
are,  the  less  are  they  enabled  to  deprive  atmospheric  air  of  its  whole 
contents  of  oxygen :  before  its  complete  consumption  they  appear 
languid,  and,  as  it  were,  apoplectic,  and  they  die  upon  the  con- 
tinuance of  this  state,  or  if  they  have  not  a  fresh  supply  of  air. 
Wiiereas  many  insects,  particularly  butterflies,  as  animals  upon  a 
lower  grade  of  organisation,  so  entirely  consume  the  oxygen  in  the  air, 
that  in  many  experiments  that  have  been  made,  not  the  hundredth 
portion  of  that  gas  has  been  found  left  in  it  *,  But  tihe  loss  which 
the  air  suffers  by  the  withdrawal  of  the  larger  quantity  of  oxygen,  in 
lien  of  which  but  one  half  the  quantity  of  carbonic  acid  is  given  back 
to  it,  appears  to  be  replaced  by  a  second  excretion,  consisting  of  azote. 
One  portion  of  this  azote  is  given  off  by  the  lungs  or  air  tubes,  and 
another  portion,  especially,  by  the  perspiration  of  the  skin.  But  as  this 
perspiration  can  be  but  trifling  through  the  hard  integument  of  insects, 
if  it  be  not  indeed  wholly  deficient,  they  consequently  must  produce 
less  azote  but  a  proportionably  greater  quantity  of  carbonic  acid. 

These  are  the  chief  results  of  the  experiments  upon  the  respiration 
of  insects.  In  proof  of  them  we  will  give  a  tabular  view  of  other 
experiments  of  Treviranus,  without  adding  more  recent  ones  of  our 
ow^n,  occasioned  by  our  less  familiarity  with  such  experiments,  and 
from  our  deficiency  in  the  necessary  auxiliaries  and  instruments. 
And  indeed  the  results  of  the  experiments  of  so  experienced  and 
competent  an  observer  may  well  suffice. 

*  Sai^,  pp.  65,  67. 
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Proportions  of  Absorption  in  the  same  time  (100  minutes)  and 

quantity  (100  grains). 


Name  of  the  Insect. 

SUta  of  the 

Tbermom. 

abore  ^. 

Quantity  of 
Respired 
Air. 

Excreted 

Carbonic 

Add. 

Abvorbed 
Oxyfoi. 

Excreted 
Aaoteb 

Apis  melli6ca,  neuter 
Another  with  violent  mo- 

11,5 
22 

27,2 
48,6 

0,82. 
2,25 

1,33 

2,77 

0,6$ 
0,52  . 

tion  and  in  the  snn 
Bomhua  Uptdarhw  A. 

15 
16 
14—23 
17 

8,8 
23,7 
10,0 
11,0 
46,2 

0,31 
1,70 
0,72 
1,74 
0,64 

0,43 
0.82 

0,12 

C.       - 

0,18 

Eristolisnemorum  (Meig.) 
Pontia   Braaaics    (^Cater- 
piUar) 

16—16,5 
14—13 

• 

15 
13,5—17 

7.4 

2,8 

8,3 
2,0 

0,50 
0,16 

0,72 
0,20 

0,80 
0,28 

2,26 
0,87 

0,30 
0,12 

Btarving  28  houra 

• B.  on  dying 

Yaneiaa  Atalanta  A.  after 

1,54 

3  daya  atamng       -    - 
^B.  theiame 

13^28 

• 

27.0 

2,65  (?) 

2,85 

1 

and   weakened  by  the 

preceding  experiment  . 
Libellula  depretaa  A. 

B.      - 

Cetonia  aurata  (larva) 

15 
17—16,5 
16,5—14 

17 

16,5 

105,0 
6,2 
7,6 

6,1 
2,9 

1,50 
0,37 
0,33 
0,04 
0,21 

2,35 
0,74 
0,93 
0,06 

0,37 
0,60 
0,02 

daya  Btanring 
Melolontha  horticola 

13,5—14,5 
13—15 

1,5 
2,0 

0,06 
0,07 

0,07 
0,17 

0,10 

Feronia  nigra 

11—15 

4.8 

0,23 

0,56 

0,33 

If  we  still  draw  farther  results  from  the  above  experiments^  we  shall 
find  in  these  also  a  oonfirmation  of  the  law  deduced  from  the  respiratocy 
pulsations^  namely*  that  in  the  sun  and  upon  the  general  ezdteni^it  of 
the  body  the  respiration  is  more  violent  and  intensive  than  in  repose  or 
in  the  shade.  A  working  bee  in  the  former  situation  inspired  almost 
double  the  quantity  of  air,  consumed  once  as  much  mote  oxygen,  and 
gave  off  three  times  the  quantity  of  carbonic  add,  wha*eas  the  quantity 
of  rejected  axote  remained  the  same*  The  same  result  was  produced 
by  several  experiments  made  by  Sorg»  Hunger  and  the  perftct  satiation 
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of  the  appetite  likewise  exercise  great  influence  upon  the  function  of 
respiration,  and  indeed  hunger,  as  in  general,  acts  also  enervatingly  upon 
respiration.  Hungry  insects  breathe  more  slowly^  but  also  longer,  than 
veil-fed  ones  inclosed  in  the  same  quantity  of  air.  The  latter,  how- 
ever, produce,  proportionately,  considerably  more  carbonic  acid.  A 
CeUmia^  which  was  starved  for  three  days,  inspired  less  by  half  as 
much  air  and  rejected  only  one  quarter  as  much  carbonic  add  as  a 
well-fed,  healthy  individual  of  the  same  species.  The  results  are 
similar  in  butterflies  experimented  upon  under  the  same  circumstances. 

That  the  developing  egg  respires  precisely  in  the  same  manner, 
and  under  the  same  conditions,  as  the  subsequent  perfect  insect,  has 
been  proved  above  by  experiments  in  our  description  of  the  develop- 
ment of  ^gs. 

§  234. 

Upon  a  careful  investigation  of  respiration  by  means  of  gills,  the 
same  results  are  produced ;  the  gills  also  imbibe  oxygen,  and  give  oflF 
carbonic  acid.  But  the  question  suggests  itself  whether  in  insects 
which  breathe  by  gills,  these  gills>  as  in  the  other  animals  with, 
universally  distributed  blood-vessels,  imbibe  merely  oxygen  and  expire 
carbonic  acid,  or  whether  they  inspire  perfect  atmospheric  air  and 
expire  the  remainder,  containing  carbonic  acid  and  azote,  having  sepa- 
rated the  oxygen  from  it.  We  must  first  inquire,  whence  do  the  gills 
derive  their  oxygen? — Do  they  decompose  the  water,  consisting  of 
oxygen  and  hydrogen  ? — Or  do  they  merely  decompose  the  atmospheric 
air  contained  within  the  water  ?  All  experiments  convince  us  that 
the  air  only  which  is  contained  in  the  water  is  changed,  and  not  the 
watcar  itself.  Therefore,  all  animals  die  in  distilled  water  deprived  of 
air,  and,  what  is  still  more,  insects  die  even  in  well  water,  which 
contains  more  carbonic  acid  and  in  which  less  air  is  intermixed  than  in 
the  water  of  rivers  or  ponds.  This  prejudicial  effect  of  well  water 
extends  even  to  those  insects  which  breathe  through  air  tubes  and 
spirades,  and  which  for  this  purpose  ascend  to  the  surface  of  the  water : 
these  also  die  quicker  or  slower  in  well  water.  But  this  does  not' 
answer  the  question  whether  insects  imbibe  oxygen  or  air  through  the 
gills.  I  think  I  must  conclude  that  they  extract  the  latter,  from  the 
Allowing  considerations. 

In  the  first  place,  because  the  larvae  which  breathe  through  gills 
exhibit  the  same  internal  apparatus  as  those  which  breathe  through 
spiracles,  and  indeed  generally  possess  larger  internal  air  tubes  than 
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the  rest.  Did  the  gills  merely  imbibe  oxygen,  smaller  narrower  vessels 
would  suffice. 

Secondly^  if  pure  oxygen  were  found  in  the  tracheae  of  insects  that 
breathe  through  gills,  they  would  be  able  to  live  a  longer  space  of  time 
even  in  such  media  as  contain  no  oxygen,  for  instance,  until  the 
oxygen  contained  within  their  tracheae  was  consumed.  But  this  is 
not  the  case.  Those  larvae  which  breathe  through  gills  are  deprived  of 
life  as  quickly  in  spirits  of  wine  as  those  which  respire  in  the  ordinary 
way. 

Thirdly,  did  insects  with  gills  inspire  pure  oxygen,  so  would  all 
other  insects,  as  the  structure  of  their  respiratory  organs  is  the  same, 
be  enabled  without  inconvenience  to  breathe  pure  oxygen.  But  this 
is  also  not  the  case.  Insects  in  pure  oxygen  breathe  at  first  more 
violently  than  irregularly,  and  die  in  the  course  of  a  few  hours,  before 
near  all  the  oxygen  is  consumed  *. 

It  hence  appears  necessary  to  adopt  the  conclusion,  that  even  in 
insects  breathing  through  gills  there  is  a  direct  transmission  of 
atmospheric  air  through  the  branchiae  into  the  tracheae. 

§235. 

If  we  next  ask  the  object  of  all  respiration,  and  the  effect  it  exercises 
upon  the  preservation  and  promotion  of  life,  we  shall  find  it  to  consist 
especially  in  the  alteration  of  the  blood.  Observations  upon  the 
difference  of  the  venous  and  arterial  blood  of  the  higher  animals  proves 
that  oxygen  intermixed  with  arterial  blood  colours  it  more  brightly, 
and  thus  promotes  its  easier  assimilation,  although  not  by  the  mere 
colouring,  yet  by  the  other  changes  it  produces  in  it,  the  testimony  of 
which  is  its  brighter  colour.  A  similar  alteration  will  necessarily  take 
place  in  the  juices  circulating  in  the  bodies  of  insects,  but  in  proof  of 
which  we  are  the  less  enabled  to  give  a  striking  instance,  from,  in  the 
first  place,  the  blood  of  these  animals  being  wholly  colourless,  and,  from 
the  universal  distribution  of  their  respiratory  organs,  whence,  conse- 
quently, this  alteration  of  the  blood  is  constantly  everywhere  taking 
place.  In  insects,  therefore,  arterial  blood  can  alone  be  found,  and  the 
motion  of  the  juices  which  has  been  detected  in  insects  of  different 
orders  can  consist  merely  in  its  general  distribution,  and  not  (as  in 
aiiimals  with  perfectly  distinct  arteries  and  veins)  have  likewise  for 

*  Comptre  the  ObtervatioDs  of  Soi^,  as  above,  pp.  19,  44,  98. 
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object  a  motion  to  and  from  the  organs  of  respiration.     This  will  be 
fully  proved  in  the  following  division  of  this  chapter. 

But  from  the  arterial  blood  all^  and  especially  the  animal,  organs, 
derive  that  portion  which  is  peculiarly  theirs,  and  which  is  transformed 
in  them.  Hence  respiration  is  the  first  and  chief  cause  of  the  florid 
health  as  well  as  of  the  equal  and  uniform  nourishment  of  all  the  organs 
of  the  animal.  The  muscles  and  nerves  particularly  appear  to  derive 
advantage  from  respiration,  in  consequence  of  the  change  thereby 
occasioned  in  the  blood.  Thence  is  it  also  that  in  animals  with  pre- 
ponderant and  highly  developed  organs  of  respiration  muscular  and 
nervous  activity  prevails.  That  this  is  the  case  in  insects,  at  least 
with  respect  to  their  muscular  power,  requires  no  further  proof;  many 
experiments  and  observations,  and,  indeed,  daily  experience,  convinces 
us^  of  it.  With  what  a  monstrous  expense  of  muscular  power  do  not 
these  little  creatures  labour !  We  have  merely  to  reflect  upon  their 
rapid  and  continued  flight,  upon  the  migrations  of  locusts,  upon  the 
solid  and  compact  woods  which  others  destroy  with  their  minute 
mandibles,  upon  the  powerful  pressure  which  they  are  enabled  to  make 
by  their  voluntary  muscular  force,  when,  for  instance,  a  beetle  is 
taken  in  the  hand,  and  it  endeavours  to  free  itself  from  its  restraint. 
With  respect  to  their  nervous  activity,  I  will  refer  only  to  the  sub- 
tlety and  strength  of  their  sense  of  smell,  particularly  as  this  more  than 
any  of  the  other  senses  stands  in  dose  connexion  with  respiration. 
But  their  hearing  is  also  acute,  and,  above  all,  their  sight.  Where 
is  there  found  such  an  accumulation  of  the  organs  of  sight  ?  Where 
such  a  relative  size  in  any  other  class  of  animals  ?  Where  so  much 
caution  in  the  observation  of  their  enemies^  and  patience  in  the  oom- 
pletion  of  a  once  commenced  undertaking?  but  which  patience  must  be 
attributed  to  the  acute  perception  of  their  senses  and  their  great  mus-< 
cnlar  strength. 

Hence  respiration  is,  as  well  as  the  reception  and  digestion  of  food, 
a  chief  cause  of  the  undisturbed  progress  of  all  the  animal  functions  ; 
both  go  hand  in  hand,  and  the  one  is  useless  without  the  assistance  of 
the  other. 

§236. 

Another  property  which,  if  not  produced  by  respiration  alone,  yet 
stands  in  an  intimate  connexion  with  it,  is  the  peculiar  warmth  found 
in  many  animal  bodies,  especially  in  the  mammalia  and  birds.  Without 
entering  here  upon  the  several  explanations  of  the  causes  of  this  equal 

D  D 


402  PHYSIOLOGY. 

temperature  in  both  orders,  in  illustration  of  which  we  refer  to  the 
condensed  and  learned  comparisons  of  G.  R.  Treviranus  *,  we  will 
at  once  proceed  to  relate  the  observations  that  have  been  made  upon  the 
subject  of  this  heat  in  some  insects. 

These  insects  are  the  bees  and  the  ants.  In  the  bees  Swammerdam 
was  the  first  to  observe  a  peculiar  warmth  of  the  hive  in  winter,  during 
a  very  low  external  temperature  f .  He  supposed  this  warmth  was  partly 
to  keep  a  portion  of  the  honey  fluid  and  partly  to  assist  the  eggs  in 
hatching  and  to  prevent  the  bees  from  freezing.  Since  Swammerdam 
similar  observations  have  been  made  by  Maraldi^^  Reaumur,  and  Hub^. 
Reaumur  observed  a  thermometer  standing  at  —  6|<'  external  tem- 
perature rise  in  the  hive  to  +  22^* ;  according  to  Hnber  the  average 
temperature  of  the  hive  in  winter  is  86°  —  80  F.  This  warmth 
increased  upon  his  causing  a  general  motion  amcmg  the  bees  by  dis- 
turbing them,  and  so  much  so,  that  the  small  glass  window  in  the  hive 
soon  became  hot^  whereas,  when  the  bees  were  quiet  and  undisturbed, 
it  felt  almost  cold ;  and  indeed  the  wax  of  the  combs  melted  several 
times  and  ran  down.  From  this  experiment  especially  it  has  been 
wished  to  conclude  that  the  warmth  in  the  hive  is  produced  by  the 
motion  of  the  bees,  particularly  by  their  occasional  general  fluttering, 
which  Maraldi  considered  to  be  the  sole  cause  of  the  high  temperature 
of  the  hive.  According  to  Huber  §,  however,  this  occasionally  repeated 
fluttering  of  the  bees  is  produced  by  them  merely  to  create  a  current  of 
air,  whereby  fresh  air  is  introduced^  and  that  rendered  noxious  by 
continued  respiration  removed.  In  summer  also,  and  not  merely  in 
winter,  do  they  do  this,  and  thereby  even  at  that  season  produce  an 
equally  moderate  temperature  in  the  hive,  which  does  not  exceed  that 
of  the  external  air.  The  same  has  been  observed  in  ant  hills,  in 
which  the  thermometer  upon  an  external  temperature  of  +  10^  I'^ose, 
according  to  Juch  ||,  to  +  I7°-  In  the  wasps  and  humble  bees,  also, 
which  likewise  live  in  society,  we  may  with  great  probability  infer  a 
similar  phenomenon. 

If  after  such  facts  it  is  undeniable  that  insects  under  certain  circum- 
stances can  produce  a  higher  but  equal  temperature,  nothing  further 

*  Biologic,  t.  T.  p.  64,  &c.    Das  oi^niache  Leben,  t.  t  p.  413,  &c. 

■f*  Biblia  Natnne,  p.  161. 

t  U6m.  do  r  Acad,  des  Sc.  de  Paris,  1714,  Ed.  d*  Amst.,  p.  420. 

§  NouTclles  Olwerv.  sur  les  Abeilles,  t.  ii.  p.  8S8,  dbc 

II  Ideen  zu  einer  Zoochemie,  vol.  i.  p.  92, 
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may  be  theiioe  concluded  than  that  this  warmth  is  produced  only  in 
their  social  assemblage.  Mere  mechanical  motion  is,  however,  not 
salficient,  £or  this  produces  in  summer  a  lower  temperature;  the 
single  insect,  on  the  contrary,  produces  no  warmth,  but  is  exposed 
to  the  varieties  of  the  external  temperature,  and  dies  when  this  sinks 
below  aero.  Hence  it  merely  remains  possible  to  suppose  that  warmth 
18  developed  by  respiration. 

We  have  learnt  from  a  preceding  paragraph  that  respiration  increases 
upon  motion,  and  especially  on  flight,  and  that  consequently  there  must 
be  a  greater  quantity  of  oxygen  absorbed  by  the  body.  But  the 
condensation  whidi  the  oxygen  necessarily  undergoes  upon  intermix- 
ture with  the  blood,  as  well  as  the  ii^iole  process  of  combustion,  must 
evolve  heat,  and  this  heat  upon  expiration  must  pass  ^m  the  body  of 
the  insect  to  the  surrounding  medium.  If,  therefore,  many  breathing 
insects  are  collected  together  in  a  small  space,  heat  must  be  produced 
even  during  their  quiet  slow  respiration,  which  the  thermometer  evinces; 
but  if  the  swarm  be  put  in  motion,  and  if  the  bees  flutter  with  their 
wings,  they  breathe,  consequently,  more  strongly  and  more  intensely, 
and,  therefore,  a  greater  quantity  of  earth  is  necessarily  evolved. 
Hence  even  every  individual  breathing  insect  would  develope  some 
heat,  which,  however,  from  its  rapid  assimilation  with  the  external 
temperature,  is  not  perceived.  But  in  small  spaces,  and  where  many 
individuals  are  inclosed  together,  this  evolution  of  heat  would  certainly 
be  detected  in  other  insects  *.  But  the  reason  why  the  temperature 
of  the  hive  in  summer  is  even  less,  or,  at  least,  equal,  upon  the  same 
motion,  to  that  of  the  external  atmosphere,  is  to  be  explained  by  the 
current  of  air  produced  by  the  motion  by  means  of  which  £resh  air  is 
introduced  and  the  warmed  air  removed,  as  well  as  that  each  draught, 
even  upon  the  introduction  of  warm  air,  produces  coolness. 

§237. 

m.    FUNCTION  OP  THE  DORSAL  VESSEL.     CIRCULATION  OP 

THE  BLOOD  f. 

Thb  most  general  physiological  importance  of  the  circulation  of  the 
juices  has  been  stated  in  the  introduction  to  this  chapter^  and  indicated 

*  Compare  GbuBinanii  de  Anim.  Ex.  Respinit,  pp.  68,  &c. 

^  It  ii  quite  impotiible  that  we  should  here  repeat  all  the  different  opiniouB  of  earlier 
anatomists  and  pb^rsiolt^sts  upon  the  function  of  the  dorsal  vessel :  we  hope  it  will  suffice 
to  assure  our  readers  that  all  the  most  important  treatises  upon  this  subject  have  been 
resorted  to,  and  their  most  niefhl  ftcts  inserted. 
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as  a  connecting  link  between  digestion  and  respiration.  The  jaioes 
prepared  by  the  intestinal  canal  require  the  addition  of  oxygen  from 
the  air  before  they  can  be  assimilated  with  the  corporeal  mass^  and  for 
this  purpose  they  pass  through  the  vessels  to  the  respiratory  organ. 
Hence  it  appears  that  insects^  from  the  universal  distribution  of  their 
respiratory  organ,  require  no  conducting  of  the  juices,  and  it  was  this 
consideration  which,  prior  to  a  motion  of  the  blood  being  observed  in 
them,  that  was  sought  to  explain  their  deficiency  of  blood-vessels,  and  the 
consequent  deficiency  of  a  circulation  was  thus  illustrated  as  imperative. 
We  nevertheless  find  in  insects  a  regular  motion  of  the  juices,  as  was 
first  discovered  by  the  observations  of  Carus  *»  and  subsequently  con- 
firmed by  Wagner  t.  From  the  experimeJits  of  both  these  naturalists, 
the  following  general  result  of  the  mode  of  this  motion  of  the  juices 
has  been  found. 

§238. 

The  juices  prepared  by  digestion  pass  through  the  tunics  of  the 
intestine  into  the  free  cavity  of  the  abdomen  among  all  the  organs 
there  situated.  It  here  presents  itself  as  a  clear  and  somewhat  greenish 
fluid,  in  which  oval  or  round  globules  swim,  which  are  likewise 
transparent,  and  from  ^^^  to  -^^  of  a  line  in  diameter.  This  fluid  is 
received  by  the  dorsal  vessel,  or  rather  by  its  posterior  portion,  which 
we  have  described  as  the  heart,  and  which  consists  of  a  series  of  con- 
secutive chambers  furnished  with  apertures  and  valves  (§117);  through 
these  apertures  during  its  distension,  and  then  by  means  of  the  con- 
traction of  the  same  organ,  through  which  also  the  lateral  apertures  are 
closed  by  means  of  the  valves  lying  in  front  of  them,  it  is  transmitted 
from  one  chamber  to  the  other,  and  then  from  the  last  into  the  aorta  X» 
The  number  of  the  contractions  and  expansions  of  the  heart  within  a 
certain  time  varies  according  to  the  stage  of  development  and  the  state 
of  the  temperature.  The  several  chambers  also  do  not  simultaneously 
contract,  but,  commencing  posteriorly,  they  proceed  successively,  so 
that  the  last  and  first  frequently  expand  together,  whilst  the  central 

*  Entdeekung  eines  EinfiMhen  yom  Henen  aos  beschleuDigten  BlatluifiM  in  dea 
Ijutod  netzflQglichcr  InBekten.  Leipz.  1827.  4to. 

t  bis,  1832,  p.  820. 

f  We  miiBt  here  remark,  that  thii  rtnicture  of  the  heart,  aacertaioed  to  exiat  by  the 
obBenrationB  of  Straus,  wai  received  and  taught  by  even  the  earUer  phynologista.  See 
Bonnet*B  Contempktion  de  la  Nature,  t  i. 
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mies  are  still  contracted.  Thence  proceeds  the  apparent  undulating 
motion  which  is  perceived  in  the  heart  through  the  integument  of  the 
body.  From  the  anterior  free  aperture  of  the  aorta  the  blood  is  driven 
by  this  motion  into  the  lateral  space  of  the  body  contiguous  to  the 
aorta,  and  it  thence  passes  into  all  the  vacant  spaces  of  this  cavity  into 
the  antennsj  feet,  and  wings,  and  thence,  being  continually  driven  on, 
it  pursues  its  course  at  the  sides  of  the  body,  until  it  has  again  reached 
the  ventral  cavity,  where  it  then  becomes  mixed  with  the  fluid  there 
found,  and  which  has  been  subsequently  formed  by  the  constant  activity 
of  the  intestine,  and  upon  the  next  expansion  of  the  individual  cham- 
bers it  passes  again  upon  its  preceding  course. 

§239. 

The  motion  of  the  heart  itself  was  observed  by  the  earliest 
anatomists.  Malpighi  even  observed  the  contraction  of  the  dorsal 
vessel  progressing  from  behind  forwards,  and  Swammerdamm  as  well 
as  later  anatomists  have  confirmed  this  observation.  But  as  all  con- 
sidered the  dorsal  vessel  as  completely  closed,  it  could  lead  to  no  insight 
into  the  circulating  system  of  insects,  and  all  the  observations  upon  the 
manner  of  this  motion  of  the  dorsal  vessel  arrived  at  no  important  result. 
Uerold  *  alone,  who  made  the  dorsal  vessel  especially  the  object  of  his 
investigations,  recognised  more  distinctly  its  undulating  motion.  This 
undulating  motion  may  be  readily  understood  from  the  recently 
explained  structure  of  the  heart.  Thus  all  the  chambers  do  not  simul- 
taneously contract,  but  always  one  after  the  other,  so  that  during  the 
contraction  the  posterior  one  drives  its  contents  into  the  one  before  it, 
and  during  its  expansion  again  receives  blood  from  the  cavity  of  the 
body.  As  this  alternating  contraction  and  expansion  passes  from  one 
chamber  to  the  other,  the  motion  of  the  entire  heart,  like  the  peristaltic 
motion  of  the  intestinal  canal,  appears  to  progress  in  an  undulating 
line,  although  the  motion  is  not  in  the  entire  heart,  but  only  in  an 
individual  chamber ;  but  the  motion  of  these  chambers  passes  so  quickly 
from  one  to  the  other,  that  the  first  and  the  last  frequently  expand  at 
the  same  time,  whilst  those  lying  between  still  contract.  With  respect 
to  the  number  of  the  contractions  and  expansions,  difiTereuces  have  been 
observed  in  them,  which  partly,  as  in  respiration,  proceeded  from  the 
temperature,  and  were  partly  dependent  upon  the  stage  of  development. 

•  rhr»iologiicheUntenuchungcnGbcrdaiRuckcngcfa»idcrIn»cktcii.  Marb.  1823,  8vo. 
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Accor^^pg  to  Herold,  the  dorsal  vessel  of  a  full-grown  caterpillar^  in  a 
temperature  of  from  16^ — 20^  Reaum.,  made  from  30  to  40  pulsations 
in  a  minute^  but  sank  in  a  temperature  of  from  10° — 12^  down  to  from 
6  to  8  pulsations  in  the  same  time.  In  younger  caterpiUarSj  the  pulsa- 
tions of  the  dorsal  vessel^  under  similar  circumstances^  were  quicker, 
namely^  from  46  to  48  times  in}  a  minute,  in  a  temperature  of  18^9 
whereas  in  greater  heat  and  with  a  quicker  moti(m,  in  conjunction  with 
great  exertion,  the  rapidity  of  the  pulsations  still  further  increases,  bat 
they  then  appear  so  irr^ular  and  numerous,  that  no  positive  number 
can  be  given.  According  to  Suckow  *,  the  heart  of  the  pine  caterpillar 
(Gaslropacha  pini)  beats  30  times  in  a  minute,  but  sinks  down  during 
the  pupa  state  to  18  pulses  in  the  same  space  of  time.  In  the  just 
disclosed  caterpillar  the  pulsation  is  slow  and  irregulary  but  sobss- 
quently  its  rapidity  increases  so  much,  that  it  then  makes  from  50  to  60 
pulses  in  the  minute.  Herold  says  that  the  pulsations  of  the  butterfly 
increase  the  moment  it  commences  to  strike  with  its  wings,  and  purposes 
flying  off,  whereas  he  observed  during  copulation  no  alteration  of  its 
quickness. 

§  240. 

The  assertion  of  a  motion  of  the  juices  is  founded  upon  observations 
made  upon  the  following  insects. 

Among  the  Dictyotoptera,  all  such  larvs  as  live  in  water  exhibit 
it  very  distinctly.  In  the  larva  of  Ephemera,  a  motion  of  the  globules 
of  the  blood  has  been  observed  in  all  the  peripheric  parts,  which^ 
according  to  Wegener,  extend  even  to  the  last  joints  of  the  antennae 
and  of  the  feet.  This  motion  was  slower  the  more  the  water  evaporated 
in  which  the  larva  was  contained,  but  increased  again  upon  the  addition 
of  fresh  water.  The  stream  of  all  the  peripheric  parts  collect  into  two 
chief  currents,  which  pass  backwards  on  each  side  of  the  body,  and  send 
off  other  currents  to  the  exterior  margin  of  the  segments,  but  which 
speedily  return  to  the  main  branch  after  having  passed  through  the 
branchiae  there  situated  t-  Vessels  inclosing  these  streams  have  never 
been  observed,  and,  indeed,  the  frequently  partial  change  of  course 
distinctly  proved  the  total  deficiency  of  such  organs.  Individual  cur* 
rents  have  also  been  observed  to  extend  even  above  and  beneath  the 
intestinal  canal,  and  to  bend  over  to  the  main  stem  of  the  opposite  aide 

*  Anatomisch-physiol.  Unten.  uber  Insekten  und  Knutenthiero,  p.  37. 
f  Carus  in  the  Nova  Acte  Pliys.  Med.  vol.  xv.  Pt.  2,  p.  8. 
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without  being  guided  by  a  determinate  canal,  but,  on  the  contrary,  the 
globules  of  blood  evidently  passed  between  the  fatty  body  and  other 
internal  parts.  In  the  vicinity  of  each  aperture  of  the  heart  portions 
of  the  stream  of  blood  bent  over  to  the  heart  itself,  and  upon  each 
expansion  passed  into  it,  being  received  by  those  apertures.  The 
blood  poured  forth  immediately  from  parts  that  were  cut  off,  namely, 
from  the  end  of  the  tail,  curdling  into  a  thick  greenish  granulated 
mass. 

In  the  larvae  of  the  Agrions  there  has  been  observed  the  motion  of 
the  dorsal  vessel,  the  lateral  returning  main  currents,  a  stream  running 
apon  the  entire  margin  of  the  rudiments  of  the  wings  on  the  exterior 
taking  its  course  inwardly  and  on  the  interior  returning,  from  which  here 
and  there  also  globules  passed  in  the  contiguous  passages  between 
the  parenchyma  of  the  wings,  a  powerful  current  also  passes  through 
all  the  anal  leaves,  explained  as  gills,  and  flows  inwardly  upon  the 
under  side  of  the  central  tracheae,  but  on  the  upper  side  again  returns  ; 
and,  lastly,  a  stream  of  blood  is  observed  which  advances  in  throbs, 
and  which  probably  flows  from  the  anterior  aperture  of  the  aorta, 
bending  on  each  side  to  the  eye,  and  thence  proceeds  beneath  and  back 
again  posteriorly. 

In  all  perfect  insects  of  this  order,  namely,  in  the  wings  of  just- 
disclosed  Libellula  (L.  depressa)  and  Ephemerae  {E,  lutea  and  mar^ 
ginata)  Carus  likewise  saw  a  distinct  motion  of  the  blood. 

Among  the  yeuraptera,  those  larvae  which  live  in  water  exhibited 
the  same  appearances.  Distinct  contractions  were  constantly  seen  in 
the  heart  of  the  caddis-fly  larva,  which  is  divided  into  seven  or  eight 
partitions  and  two  lateral  returning  main  streams,  whence  the  globules 
of  blood  passed  into  the  apertures  between  the  several  chambers. 
Several  perfect  insects  also  of  this  order,  namely,  Hemerobius  chrysops, 
Semblh  bilineata,  and  Semblis  viridis,  exhibited  in  their  wings,  and 
the  latter  also  in  their  antennae,  a  motion  of  the  juices. 

In  those  larvae  which  live  in  water,  of  many  of  the  Diptera,  namely, 
of  the  gnats.  Wagoner  observed  a  distinct  pulsation  in  the  dorsal  vessel, 
in  which  its  contraction  was  visible  in  several  of  the  chambers  of  the 
posterior  end.  But  even  those  very  transparent  larvae  he  observed,  on 
contrary,  no  motion  of  the  globules  of  the  blood.  I  myself,  notwith- 
standing having  made  several  experiments,  it  is  true  with  not  very 
perfect  instruments,  have  been  unable  to  detect  such  globules  of  blood. 
In  one  instance,  and  also  in  a  second  similar  one,  namely,  in  the 
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larva  of  Noionecia  glauca,  Carus  considers  that  the  globules  of  blood 
are  too  small  to  be  seen  through  the  microscope,  and  that  it  is  from 
this  cause  that  the  motion  of  the  juices  is  not  to  be  detected  in  the 
body. 

Among  the  Hemiptera,  Wagener  observed  through  the  transparent 
sides  of  the  body  of  the  young  larva  of  Nepa  cinerea  distinct  streams 
of  moving  globules  passing  from  the  front  backwards ;  he  could  also 
observe  the  pulsating  dorsal  vessel  contracting  in  its  chambers.  In 
the  common  bed  bug  {Cimex  lectularius)  I  have  perceived  the  pulsa* 
tion  of  the  dorsal  vessel,  and  also  an  indistinct  motion  of  fluids  at  the 
sides  of  the  abdomen. 

The  remaining  observations,  chiefly  compiled  from  Cams*,  refer 
chiefly  to  the  circulation  of  the  blood  in  insects  not  living  in  water. 
Among  the  beetles,   he  observed  it  principally  in  the  transparent 
elytra  and   wings  of  Lampyris  italica   and  splendidula,  Meloloniha 
6olstUialis    and    in    a   Dyticus ;    then   in   the   prothorax   of  Lam- 
pyris  splendidula.     It  here  had  the  appearance  of  a  strong  current, 
which  came  from  the  abdomen,  and  which,  towards  the  end  of  the 
pronotum,  divided  on  each  side  into  arms,  that,  upon  each  margin/ 
turned  backwards     In  the  Orlhojjiera,  on  the  contrary,  he  vainly 
sought  it  in  the  wings,  but  Ehrenberg,  according  to  the  communication 
of  A.  V.  Humboldt,  has  seen  a  motion  of  the  juices  in  a  Mantis  f. 
The  transparent  wings  of  the  Dictyotoptera  and  Neuropiera  have 
likewise  here  and  there  exhibited  a  motion  of  the  juices,  as  well  as  the 
vnng&of  Libellula  depressa.  Ephemera  lutea,  E,  marginala,  Hemerobius 
chrysops,  but  most  distinctly  in  Semblis  hilineala  and  in  the  antennas 
of  Semblis  viridis.     In  the  former,  he  saw  the  streaming  blood  pass 
upon   the  anterior  margin  through   the   chief   ribs,   and   distribute 
itself  upon  the  whole  margin  to  the  apex;  it  returned  back  through 
the  ribs  lying  nearest  to  the  posterior  margin.     Through  the  central 
connecting  transverse  ribs,  blood  also  passed  from  the  proceeding  to  the 
returning  current.     In  the  Hymenoptera^  no  motion  of  the  juices  was 
perceived  in  the  wings,  and  just  as  little  in  the  Diptera  j:.     In  the 
Lepidoptera,  also,  it  still  remains  doubtful ;  but  Carus  thinks  he  may 

♦  Nora  Acta  Soc.  n.  c.  C.  L.  vol.  xv.  Pt.  2,  p.  1,  &c. 

t  Bericht  fiber  die  Natur  historisehen  Reiaen  der  H.  H.  Ehrenberjjf  nnd  Hemprich. 
Berlin.  1826.   4to.  p.  22. 

f  In  Erittalis  tenax,  Meig.,  and  E.  nemorum,  M.,  I  have  recently  observed  blood  pour 
out  of  the  roots  of  the  wings  during  their  motion,  when  the  wing  itself  was  cut  off. 
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adopt  a  motion  of  the  juices  in  the  germen  of  the  wings  in  the  pupa  of 
some  Lepidoptera,  from  the  result  of  several  of  his  experiments. 

§  241. 

After  such  fiicts,  I  consider  the  asserted  circulation  of  the  juices  as 
proved.  Cams  was  formerly  inclined  *  to  limit  the  circulation  to  those 
insects  still  in  their  stages  of  development^  and  therefore  concluded  that 
it  disappeared  upon  their  transformation  into  the  perfect  state.  This 
opinion  he  subsequently  gave  upt>  upon  being  convinced  of  the  contrary 
by  his  own  experiments ;  and  it  also  is  positively  contradictory  to  the 
generally  adopted  physiological  significance  of  the  circulation^  for  what 
in  this  respect  is  the  case  in  young  animals,  must  also  be  found  in  old 
ones.  Indeed  it  is  true  that  in  many  insects  an  alteration  takes  place 
in  the  reception  of  food^  and  its  qtiantity  becomes  le8S>  and  that  thence, 
consequently,  there  must  be  found  in  them  a  slower  digestion  as  well  as 
a  smaller  quantity  of  separated  lymph,  but  it  must  not  be  forgotten, 
that,  precisely  at  this  last  period,  the  compass  of  the  body  is  smaller, 
whereas  its  internal  organs  are  larger,  and  that  these  have  already 
attained  their  perfect  development,  and  require  but  a  small  addition  to 
be  retained  in  action ;  and  that,  lastly,  the  whole  internal  cavity  of  the 
body  presents  less  free  space  in  which  the  stream  of  blood  can  be 
distributed.  These  various  causes  appear  to  me  to  explain  the  decrease 
of  the  circulation ;  and  indeed  in  the  higher  animals  the  pulse  is  lower 
in  age  than  in  youth ;  wherefore,  then,  should  not  the  same  relations 
be  found  in  insects  ?  But  that  a  circulation  is  found  in  these  creatures 
in  their  perfect  state,  is  proved  by  direct  observation ;  must  these,  then, 
be  considered  as  exceptions  to  the  rule,  and  that  which  is  the  rule  in  all 
other  animals,  form  the  exception  in  insects  ?  I  see  no  foundation  for 
such  a  conclusion. 

§242. 

With  respect  to  the  physiological  importance  of  the  circulation  in 
insects,  I  conceive  it  consists  especially  in  preserving  a  general  motion 
of  the  fluids,  by  means  of  which  all  the  portions  of  it  are  subjected  to 
an  equal  deposition  of  oxygen.  If  the  lymph  passed  through  the 
intestinal  canal  into  the  cavity  of  the  abdomen,  and  remained  there 
stationary,  those  parts  of  it  which  encompassed  the  tracheae  would 

•  Enldeckung,  &c.,  p.  21.  f  Nova  Acta  Phys  Med.  vol.  xv.  Pt.  2,  p.  14. 
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alone  be  oxidised;  and^  indeed^  the  fluid  would  not  pass  equally  into 
the  distant  members^  but  that  portion  which  once  found  itself  in  the 
cavity  of  such  a  member  would  there  remain  without  being  equally 
supplanted  by  fresh  juices.  But  by  this  pn^essive  motion  of  the 
whole  body  of  juices  this  partial  stagnation  is  prevented^  and  each 
organ  furnished  equally  with  fresh  juice  fitted  for  assimilation.  Both 
the  large  streams  of  blood  which  run  along  and  betweoi  the  large 
lateral  stems  of  the  tracheae^  are  constantly  receiving  fresh  oxygen 
from  the  trache»,  and  carry  with  them  the  fresh  lymph  secreted  by 
the  intestine,  and  then  give  off  the  freshly-oxidised  blood  to  the  heart, 
which,  by  its  rhythmical  pulsation,  conveys  it  on,  and  rejecting  it  by 
the  free  orifice  of  the  aorta,  drives  it  to  all  the  parts  of  the  body.  The 
returning  main  streams,  consequently,  are  comparable  to  the  arteries  of 
the  lungs,  or  rather,  as  in  the  Mollusca,  to  those  large  veins  which, 
collecting  the  Uood  from  all  parts  of  the  body,  return  it  through  the 
lungs  or  bronchiae  to  the  heart.  The  passage  of  the  oxidised  blood 
into  the  heart  is  occasioned  by  its  expansion  and  contraction,  which 
takes  place  synohronally  with  the  respiratory  motion  of  the  whole  body, 
and  particularly  of  the  abdomen,  and  these  individual  motions  of  the 
heart  are  partially  produced  by  its  muscular  tunic,  and  partially  by  the 
muscles  of  the  wings  which  bind  it  to  the  dorsal  plates.  The  muscular 
tunic  of  the  heart  contracts  itself  and  makes  the  systole.  The  muscles 
of  the  wings,  by  their  contraction,  again  expand  the  heart,  and  produce 
the  diastole :  when  the  blood  streams  in  through  the  apertures  and  by 
the  former,  it  is  driven  into  the  aorta.  Hence  throughout  the  whole 
body  a  constant  oxidisation  of  the  blood  is  taking  place,  as,  even  in 
the  aost  remote  members,  trachee  are  distributed,  and  there  oxidise 
the  juices  they  found.  But  these  juices  also  do  not  rest,  but  participate 
in  the  general  motion.  True  venous  blood  is  consequently  deficient  in 
insects,  and  if  both  the  lateral  streams  have  been  called  veins,  this  name 
is  only  so  far  tenable  as  there  may  be  detected  in  it  a  returning  motion 
of  the  blood  to  the  heart 

§  243. 

But  how  can  a  motion  of  the  blood  be  imagined  without  vessels  ? 
This  question  absolutely  appears  of  great  importance,  particularly  as 
Cams  thought  it  necessary  that  there  should  be  vessels  in  certain  parts  of 
the  body«  This  opinion,  however,  will  necessarily  be  limited  to  the  vessek 
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which  are  fimnd  ia  the  ribs  of  the  wing8»  and  which  we  have  mcntioiiad 
above.  I  detected  sach  yeaaek  in  many  insects  which  I  then  eyamimA 
namelj^  in  Dyticu$  margiualis,  Copris  lunaris^  PkUanihu*  pictui^  &e.> 
but  I  yet  doobty  from  more  recent  investigations  that  I  have  made  in 
the  bright  and  partially  transparent  pnpe  of  soma  capriooms,  namely^ 
Priotms  faber  and  coriarius,  the  correctacsa  of  my  above  mentioned 
(pinion.  In  the  rudimentary  wii^  of  these  pupae  I  saw  with  un^ 
assisted  eyes  perfeet  tubes  aa  nlvery-white  glittering  filaments  con- 
taining air.  Tbeae  tabes  in  the  upper  wing  or  elytron  gave  off  no 
b^aldhfil^  bat  ran  undivided  in  a  direct  line  from  the  base  to  the  apex. 
Bnt  at  the  extreme  base  they  coDected  into  two  main  stems,  the  one 
of  which  takes  its  course  at  the  anterior  margin,  and  the  other  upoa 
the  sutural  niacin,  both  originating  at  the  thorax  as  a  simple  stem. 
The  anterior  one  has  two  and  the  posterior  one  four  straight  radiating 
branches,  which  run  parallely.  The  tubes  of  the  inferior  or  true  wing 
were  divided,  but  likewise  also  only  towards  the  apex.  They  also 
originated  from  two  similarly  disposed  main  stems,  the  anterior  one  of 
which  likewise  sent  off  two  and  the  posterior  one  four  branches.  I 
could  distinctly  see  this  by  means  of  a  simple  lens.  Upon  its  inspection 
with  the  microscope,  these  tubes  were  obseryed  filled  with  air,  which  was 
interrupted  at  certain  parts,  so  that  the  tubes  appeared  to  contain 
disconnected  air-bladders.  I  could  not  even  yet  detect  by  means  of  the 
microscope  the  structure  of  the  tubes,  which  was  only  visible  upon 
removing  the  external  tunic  of  the  elytron,  and  the  tube  then  lay 
distinctly  in  the  parenchyma  before  me ;  an  extremely  fine  filament 
was  then  seen,  which  wound  itself  spirally  around  the  circumference 
of  the  tube,  and  left  a  tolerably  wide  space  between  it.  On  each  side 
of  these  tubes  there  was  a  bright  stripe,  as  if  a  channel  lay  free  in  the 
parenchyma  contiguous  to  the  trachea.  I  now  repeated  my  investiga^ 
tion  in  other  insects  which  had  been  immersed  for  some  time  in  spirits 
of  wine,  but  I  found  neither  in  the  vessels  of  the  elytra,  nor  in  those 
of  the  wings,  a  spiral  twisting,  and  just  as  little  in  dried  specimens. 
Thence  I  might  conclude  that  the  spiral  filament  becomes  invisible  by 
immersion  in  alcohol  as  well  as  by  drying  in  the  air,  at  least  under 
the  microscopic  power  that  was  at  my  command,  but  that  it  never- 
theless existed  in  all  the  vessels  that  take  their  course  through  the  ribs 
of  the  wing;  that  consequently  all  these  vessels  must  absolutely  be  con- 
sidered as  tracheae,  and  that  blood-vessels  are  not  to  be  found  even  in 
the  ribs  of  the  wings. 
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Jurine's  *  and  Chabrier's  t  observations  upon  the  stnicture  of  tbe 
%vings  harmonise  herewith ;  whereas^  according  to  Carus^  there  is  a 
threefold  difference  in  the  structure  of  the  wings  with  respect  to  the 
vessels  contained  within  their  ribs.  Some^  as  the  elytra  of  the  beetles^ 
have  blood  and  air-vessels ;  others  contain  only  blood-vessels ;  the  third, 
lastly,  as  the  wings  of  the  Hymenoptera  and  Diptera,  exhibit  air- 
vessels  exclusively.  But  according  to  my  opinion  and  observation,  these 
differences  do  not  exist,  but  all  the  ribs  contain  merely  traches  or  air- 
vessels,  whereas  within  the  rib  around  the  trachea  there  remains  a 
vacant  space  in  which  the  juices  can  freely  circulate,  and  it  was  in  thi» 
free  space  that  Carus  saw,  in  all  those  instances  where  he  perceived  a 
motion  of  the  blood  in  the  wing,  the  globules  pass  and  return. 

Hence  also  is  it  that  the  wings  derive  their  true  significance.  Oken 
even  indicated  that  the  wings  of  insects  were  no  true  members,  but 
as  mere  continuations  of  the  skin  in  which  vessels  were  distributed, 
they  were  of  analogous  importance  to  the  gills,  and  he  thence  called 
them  air-gills  (Jtuflkiemen)  J.  But  if  now,  as  I  believe  it  is,  proved 
that  the  blood  actually  flows  through  them,  their  function  as  gills  is 
placed  beyond  a  doubt.  The  partial  interruptions  of  the  ribs,  Jurine's 
buUse,  are  the  places  where  the  blood  flows  immediately  beneath  the 
thin  membrane,  and  can  there  even  imbibe  oxygen  from  the  air,  which 
is,  besides,  presented  to  it  everywhere  by  the  trache»  around  which  it 
circulates.  Chabrier's  observation,  also,  that  a  space  filled  with 
moisture  is  found  in  the  under  wings  of  the  beetles  §,  is  evidence  that 
blood  flows  in  the  ^vings,  and  such  a  stream  can  only  pass  through  the 
ribs  contiguous  to  the  tracheae  contained  within  it. 

If  the  supposed  presence  of  blood- vessels  in  certain  parts  of  the  body 
is  thus  contradicted,  it  may  likewise  be  inferred  of  the  whole  body  that 
it  has  no  blood-vessel  excepting  the  large  dorsal  vessel.  Indeed 
Joh.  iMiiller  considers  ^that  he  has  detected  vessels  passing  frt>m  the 
heart  to  the  ovary ;  but  these  connecting  filaments,  as  we  have  shown ' 
above,  are  no  vessels.  The  proposition  which  I  have  just  stated 
is  therefore  proved  correct  to  its  full  extent.  Yet  this  deficiency  of 
blood-vessels  in  the  bodies  of  insects  is  by  no  means  so  extraordinary, 
nor  is  it  without  parallel.     In  the  membranes  also  of  the  developing 

*  NouT.  M^th.  de  Classer  les  Hymenop    Geneye,  1807.  4 to.  p-  48. 
t  Esmi  BUT  le  Vol  des  losi-ctes.  Par.  1822.    4to.   p.  42. 
:  Natiir.  Philosophic,  2nd  Ed.  p.  418.  No.  3337. 
§  E»sai  sur  lo  Vol|  &c.,  p.  19. 
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embryo^  the  blood  originally  flows  without  vessels ;  and  only  after  the 
stream  has  acquired  some  degree  of  regularity^  do  the  vessels  form 
themselves  around  it.  The  same  appears  to  be  the  case  in  the  motion 
of  the  juices  in  the  lower  animals.  In  these  also  the  circulating  fluid 
forms  for  itself  a  passage  through  the  parenchyma  of  the  body ;  it 
grooves  as  it  were  a  course  for  itself^  in  which  it  afterwards  constantly 
continues.  This  course  is  in  insects  attracted  especially  to  the  large 
tracheae,  because  the  vital  air,  that  substance  to  which  all  blood  must 
attain,  is  transmitted  through  them.  Were  the  thick  tunics  of  a 
vessel  to  be  formed  around  it,  the  deposition  of  oxygen  could  not  so 
easily  take  place ;  and  indeed  in  insects  it  would  have  greater  diffi- 
culties to  contend  with  than  in  any  other  class,  for  in  them  the 
tracheas,  even  to  their  extreme  ends,  retain  their  hard  spiral  filament, 
whereas  in  the  vesicles  and  cells  of  the  lungs  and  gills  it  disappears, 
whence  the  oxygen  can  more  easily  pass  through  the  delicate  mem- 
brane of  the  respiratory  apparatus,  and  arrive  at  the  likewise  delicate 
tunic  of  the  blood-vessels ;  but  in  insects  it  is  more  strongly  retained, 
and  would  be  even  more  so  if  the  blood-vessel  also  had  a  thick 
membrane.  It  thence  appears  to  me  that  the  deficiency  of  blood- 
vessels is  necessary  to  the  undisturbed  corporeal  functions  of  insects ; 
their  organisation  merely  required  a  central  organ  whereby  the  motion 
of  the  juices  is  promoted,  and  by  means  of  which  it  is  regulated 
and  guided;  and  this  organ  is  their  dorsal  vessel.  The  course 
through  it  being  originally  traced,  and  the  first  impulse  to  the  mo- 
tion of  the  blood  being  given  by  the  spontaneous  motion  of  the  dorsal 
vessel,  the  free  stream  of  blood  necessarily  follows  this  direction  until 
it  again  returns  within  the  sphere  of  the  activity  of  this  organ,  and 
is  then  again  forcibly  attracted  to  it,  and,  as  before,  involuntarily 
driven  into  its  preceding  course. 


414  PHYSIOLOOT. 


THTRD  CHAPTER. 

THE    METAMORPHOSIS.* 


§244. 

In  the  preceding  chapters  we  have  explained  how  the  insect 
originates,  propagates,  and  subsists,  without  having  noticed  the  several 
stages  of  life  it  has  to  pass  through,  from  the  first  origin  of  its  being 
nntil  the  time  it  is  actively  engaged  for  the  preservation  of  its  resem- 
blance. We  have  indeed  here  and  there  drawn  attention  to  the 
differences  which  exist  with  respect  to  the  mode  of  taking  food  and 
its  assimilation  with  the  body  between  the  undeveloped  and  the  perfect 
insect,  but  we  have  not  yet  explained  the  several  successive  periods  of 
development,  nor  shown  their  physiological  character.  This  will  be 
the  subject  of  the  present  chapter.  We  must  now  look  around  us  for 
the  causes  which  determine  the  form  of  insects  in  general.  We  must 
endeavour  to  ascertain  why  insects  take  this  form  and  no  other,  and 
exhibit  a  body  thus  copnposed  of  rings  and  limbs,  and  what  necessary 
changes  a  thus  formed  body  must  be  subjected  to,  in  order  to  maintain 
its  fundamental  figure  even  through  the  several  developments  which 
«very  organic,  or,  at  least,  animal  being,  is  obliged  to  pass  through. 
But  as  an  introduction  to  this  investigation,  we  must  prelude  with 
«ome  general  observations,  which  refer  to  the  differences  of  all  animal 
forms,  that  we  may  be  in  a  situation  to  discover  from  the  differences  of 
these  forms,  the  shape  of  insects  and  the  object  of  this  shape  from  their 
opposition  to  the  rest,  and  then  only,  when  the  cause  of  the  articulated 
body  of  insects  is  discovered,  can  we  proceed  with  the  consideration  of 
the  several  transformations  peculiar  to  it. 

§245. 

The  animal  kingdom,  like  all  organic  matter,  the  essential  character 
of  which  is  expressed  in  the  idea  of  becoming  or  having  become, 
traverses  a  certain  series  of  grades  of  development,  upon  which  it 

*  In  thiB  chapter  the  §§  245 — 248  and  251  have  heen  entirely  remitten  hj  the  author, 
and  the  fonner  §$  248  and  249  have  been  changed  mto  the  present  §§  249  and  250. — Tk, 


TBK   MBTAHOBPH08I8.  415 

ascends  from  its  first  simple  beginnings  to  its  highest  perfection. 
Nature  attains  these  developments  by  antitheses.  The  immediate  con« 
sequence  of  such  an  antithesis,  and  which  is  visible  in  the  homogeneous 
mass  of  the  body,  is  the  antithesis  between  the  interior  and  exterior, 
whereby  the  internal  cavity  of  the  body  which  prepares  the  nutrimental 
matter  stands  in  opposition  to  its  external  surface,  which  con- 
ditionates  its  form;  the  further  perfection  of  this  first  antithesis, 
developes  the  various  oi^ans  which  stand  in  connexion  with  those  two 
organic  systems.  Thus  from  the  originally  simple  digesting  cavity  of 
the  body,  by  degrees  the  intestinal  canal  and  its  various  appendages 
promoting  digestion,  viz.  the  glands^  are  formed ;  and  from  the  originally 
uniform  integument  of  the  body,  on  the  contrary,  all  those  organs  are 
produced  which  promote  and  efiTect  motion.  The  correctness  of  these 
astertions  is  deduced  from  the  history  of  the  embryo  forming  in  the 
egg.  Thus  there  appears  in  the  several  grades  of  development  of  the 
animal  kingdom,  as  it  were  a  rivalry  between  the  internal  nutrimental 
organs  and  the  external  organs  of  motion,  and  it  therefore  may  be 
readily  imagined,  in  the  varied  direction  Nature  has  pointed  out  for 
its  creatures  to  pursue,  that  in  some  animals  the  perfection  of  the 
internal  organs,  and  in  others  that  of  the  external  ones,  has  been 
especially  promoted.  We  call  all  those  animals  in  which  the  first  is 
visible,  namely,  a  prevailing  development  of  the  intestines,  ventral 
animals  (Gastrozoa),  but  those  in  which  the  external  organs  attain 
the  greatest  perfection,  limb  animals  (Arthrozoa), 

But  the  highest  perfection  of  the  animal  kingdom  is  by  no  means 
attained  by  these  two  grades  of  development,  for  both  as  partial 
developments  must  still  appear  unperfected.  There  only  is  the  highest 
perfection  attained  where  the  external  as  well  as  the  internal  organs 
are  equally  perfected,  and  both  have  acquired  their  highest  grade  of 
development.  That  this  highest  development  appointed  by  nature  for 
the  animal  kingdom  may  be  attained,  there  must  be  a  third  chief 
group  in  the  animal  kingdom,  the  members  of  which  make  themselves 
apparent  by  this  homogeneous  perfection  of  the  external  and  internal 
organs.  We  have  long  known  this  third  group  by  the  name  of 
vertebrate  animals  {Osieozoa  or  animalia  vertehrata)» 

The  individuals  of  the  animal  kingdom  which  belong  to  these  several 
chief  groups,  it  is  easy  to  discover  from  the  above  charaeter  of  eadi 
group,  and  which  the  following  Table  exhibits  :-^ 
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I.  Group— GASTRozoii.    The  fullowing  classes  belong  bere : 

1.  Infusoria  polygastrica.  Ehrenb.  2.  Fdypina  sivc 
Corallina,  3.  Medusina.  4.  Echinodermata, 
5.  Mollusca.  Cuv. 

II.  Group — Arthbozoa.   Here  belong  the  classes : 

6.  Endozoa.  Annulata.  7-  Rotatoria.  Crustacea, 
8.   Myriapoda.     Arachnodta.     9.  Insecta, 

III.  Group — Ostbozoa: 

10.  Pisces.     11.  Amphibia,     12.  Aves,     13,  Mammalia,. 

§  246. 

The  forms  of  the  thus  discovered  three  chief  groups  of  the  animal 
kingdom  are  adapted  precisely  to  their  internal  organisation.  The 
first  group  possess  a  figure  conformable  to  its  organisation,  namely, 
that  of  a  bag  or  sack^  that  it  may  receive  in  this  sack  ita  various 
organs.  In  the  highest  animals^  also,  the  same  organs  which  in 
animals  of  the  first  series  are  especially  developedi  also  lie  in  large 
cavities  and  bags^  that  are  formed  almost  exclusively  of  soft  parts.  The 
second  group,  which  is  constructed  upon  the  predominant  development 
of  the  organs  of  motion,  exhibits  an  elongate  form,  generally  divided  into 
segments  and  limbs.  Herein  also  they  correspond  in  form  with  the 
same  organs  of  the  higher  animals,  which  characterise  the  second 
series  in  the  development  of  the  animal  kingdom^  namely,  the  members, 
which,  as  well  as  them,  are  elongate^  and  consist  of  joints  and  conse- 
cutive divisions.  The  third  group,  consisting  of  the  conjunct  contents 
of  both  the  others,  has  a  form  partaking  of  that  of  both ;  their  bodies, 
consequently,  appear  as  central  bags  and  cavities,  whence  the  peri- 
phrastic subdivided  members  proceed.  They  thus,  therefore,  repeat 
the  forms  of  all  the  other  animals ;  indeed,  their  form  is,  as  it  were,  a 
compilation  of  all  other  animal  forms. 

§  247. 

Insects,  consequently,  by  reason  of  the  predominant  development  of 
their  organs  of  motion,  belong  to  the  elongate  animals,  divided  into 
segments  and  divisions.  By  means  only  of  such  a  structure  is  free 
motion  possible.  One  limb  pushes  itself  forward,  affixes  itself,  and 
draws  the  other  after  it;  the  alternating,  affixing,  and  quitting  is 
repeated  then  by  every  successive  limb,  and  thus  the  general  motion  of 
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the  body  is  produced.  In  some  worms,  therefore,  we  can  admit  but 
of  two  limbs,  namely,  an  anterior  one,  in  which  the  mouth  lies,  and 
which,  by  the  suction  of  the  mouth,  affixes  itself,  and  a  posterior  one, 
which  possesses  the  sucking  cavity,  and  which,  by  the  help  of  this 
organ,  can  attach  itself  In  the  Annulata,  which  consist  wholly  of 
rings,  for  instance,  the  earth  worm,  small  setae  supplant  the  sucking 
cup ;  in  the  higher  Annulata,  these  setee  develope  themselves  into  feet, 
which  remain  in  the  Crustacea,  Myriapoda,  Arachnodea^  and  insects ; 
in  the  last,  organs  of  flight  are  superadded.  Thus  insects  maintain, 
in  accordance  with  the  law  of  successive  development,  the  highest 
grade  among  all  annulated  animals  or  Arihrozoa. 

k  248. 

It  therefore  appears  that,  in  the  further  development  of  the  three 
chief  grades  of  the  animal  kingdom,  the  place  of  abode  and  the  thence 
proceeding  influence  of  the  external  world  (the  external  medium) 
has  a  very  peculiar  effect  upon  the  animal  organism.  There  are, 
however,  but  three  differences  of  abode,  which  are  the  water,  the 
earth,  and  the  air.  But  in  these  three  chief  groups  of  th^*  animal 
kingdom,  particularly  in  the  second  and  in  the  third,  we  find  three 
groups  subordinate  to  these  chief  groups,  which  are  determined 
by  the  places  of  abode.  Amongst  the  Veriehraia  these  groups  have 
long  been  known  as  classes ;  and  are  called  fishes,  as  water-verte- 
brata ;  birds,  as  air-vertebrata ;  and  mammalia,  as  earth-vertebrata. 
To  these  a  fourth  class  is  associated,  that  of  the  Amphibia,  which 
apparently  is  not  to  be  arranged  with  them,  but  which,  however, 
presents  itself  as  highly  necessary.  The  living  in  water,  air,  and 
earth  are,  notwithstanding  their  great  resemblance  to  each  other,  so 
strikingly  different,  that  the  animal  organism  camiot  pass  directly  from 
one  grade  to  the  other,  but  it  requires  a  connecting  member,  wherein 
the  organisation  is  adapted  to  a  residence  in  both  elements.  From  this 
transition  I  have  called  all  such  classes— classes  of  transition. 

The  group  of  Arihrozoa  admit  of  being  separated  in  the  same 
manner,  if  the  division  may  be  deduced  from  the  mode  of  their  develop- 
ment.    We  obtain  thus,  therefore,  in  their  four  classes : — 

1*  The  Watsr-Abthrozoa.     Comprising  the  intestinal  worms 

{Endozoa)  and  the  Annulata, 
2.  The  Class  of  Transition.      Here  stand,  as  the  direct 
links  of  transition,  the  wheel  animals  {Infusoria  rotatoria, 

r  r 
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Ehrenb.)  and  the  crustaceous  Arihrozoa  (Crustacea^ 
formerly  called  Malacostraca  by  mej  not  the  Malacosiraea 
of  Leach). 

3.  The  Earth-Arthrozoa.     Here  are  arranged  the  Myriapoda 

and  the  Arachnodea  (or  Arachnides), 

4.  The  Air-Arthrozoa.    Which  comprise  the  hexapod  insects 

(^hisecta). 
Each  of  these  groups  has  a  peculiar  organ  whereby  it  is  characterised, 
and  as  the  general  character  of  the  Arihrozoa  is  expressed  in  the  pre- 
sence of  organs  of  motion^  we  shall  necessarily  have  to  seek  for  the 
characters  of  the  subordinate  groups  among  those  organs.  The  character 
of  the  WORMS  or  water-^i r/Arozoa  is,  that  in  them  we  first  observe  the 
presence  of  distinct  organs  of  motion^  but  which  yet  are  of  no  deter* 
minate  type,  and  which,  therefore,  sometimes  present  themselves  as 
sucking  cups  upon  the  head  (Cesiodes),  or  upon  the  head  and  belly 
{Trematodes),  or  upon  the  head  and  contiguous  to  the  arms  {Hirudinei)^ 
then  as  setae  {Naidei^  Lumbricini  sive  Chaiopodes),  and,  lastly,  as 
short  pedal  warts  with  booklets  {Annelides  antennati,  Lam.).  In  the 
following  class  they  transform  themselves  partly  to  swimming  organs 
(the  rowing  organs)  and  partly  to  jointed  swimming  and  coursing  feet, 
both  of  which  forms  are  simultaneously  common  to  the  majority  of 
Crustacea,  In  the  earth-^^ r/Arozoa  the  limbs  are  conformably  shaped, 
feet  adapted  only  to  running ;  in  the  air-ilr^Aroroa,  or  insects,  we 
first  find  wings  as  the  organs  of  motion  for  this  element,  they  possess  also 
legs  for  running  and  exercising  other  functions  like  the  earlier  ones. 

§  249. 

Is  the  law  indicated  by  the  earlier  physiologists,  and  applied  by 
Oken,  especiallyi  to  the  natural  system,  correct,  that  the  higher  groups 
are  repetitions  of  the  lower  ones  in  their  development;  or  must  we 
rather,  with  Von  Bar  *,  thus  explain  it,  that  the  development  of  every 
class  of  animak  admits  of  recognising  the  progressive  perfection  of  the 
animal  body  as  well  by  morphological  as  histological  separation,  as 
also  by  the  progressive  construction  of  a  particular  form  from  one 
more  general  ?  In  either  case  it  will  necessarily  be  applicable  to  the 
development  of  insects.     It  is  evident  that  both  propositions  tend  to 

*  C.  Y.  Bar  aber  EntwickelungigeBchiclite  der  Thiero.     Kbnigsb,  1828.  4to.  toL  i. 
p.  231. 
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tbe  same  point.     No  one  who  speaks  of  the  embryo  of  man  passing 
through  the  lower  grades  of  the  animal  kingdom  can  have  imagined  that 
man  at  any  period  was  ever  of  his  embryo  life  an  infusorium,  polypus^ 
muscle,  snail,  worm,  crab,  spider,  insect,  fish,  turtle,  snake,  lizard,  and 
bird;  but  the  assertion  is  nothing  more  than  that  man  as  man  has  once 
in  the  progress  of  his  development  been  upon  that  grade  upon  which  the 
several  classes  beneath  him  remain  stationary  in  the  progressive  deve- 
lopment of  the  entire  animal  kingdom ;  and  Von  Bar's  proposition 
expresses  precisely  the  same  thing,  for  in  the  successive  development 
of  the  animal  kingdom  there  is  found,  just  as  in  the  development  of 
each  individual  animal,  a  progressive  morphological  and  histological 
separation  as  well  as  the  gradual  formation  of  a  peculiar  shape  from 
a  more  general  one.     The  most  general  form  of  the  Arthrozoon,  as 
which  we  have  found  the  insect,  is  a  body  that  is  divided  into  rings 
and  segments ;  and  insects,  therefore,  must  present  us  in  their  develop- 
ment both  with  a  progressive  formation  of  a  particular  shape  from  this 
more  general  one,  as  also  with   the   morphological  and  histological 
gradual  perfection  of  their  individual  organs.    The  series  of  Gastrozoa, 
as  I  succinctly  call  the  first  series,  are,  on  the  contrary,  only  so  far 
repeated  by  insects  in  their  development  as  they  themselves  in  their 
own  development   have  for  object  the  progressive  perfection  of  the 
nutritive  and  propagative  organs.     This  repetition,  however,  does  not 
extend  to  the  external  form,  for  this  is  the  result  of  a  new  development 
not  yet  visible  in  the  Gastrozoa  ;  whereas  the  vertebrata  which  unite 
in  themselves  both  forms,  viz.  that  of  the  Gastrozoa  as  well  as  of  the 
Arthrozoa,  exhibit  also  formal  approximations  to  the  Gastrozoa  in 
their  development.     Only  so  long  as  it  remains  in  the  egg- case  is 
every  insect  a  Gastrozoon,  for  it  then  has  no  other  organs  than  the 
nutrimental ;  but  upon  quitting  the  egg-shell  it  becomes  an  Arthro- 
zoon,  and  exhibits  itself  in  its  then  appropriate  jointed  shape. 

§  250. 

Hence,  therefore,  the  essential  character  of  the  metamorphosis  of 
insects  is  found  in  the  repetition  of  the  lower  grades  of  the  Arikrozoa 
by  means  of  the  development  of  the  highest.  No  single  class  of 
animals,  we  might  say,  confirms  this  repetition  more  distinctly  than 
insects.  The  ma^ot,  caterpillar,  or  larva  which  creeps  out  of  the  ^g 
is  of  the  same  form  as  the  earth-worm.  Some  of  these  maggots  are 
footless  and  headless,  and  move  like  the  leech  by  aflixing  the  first  and 
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last  segments  of  tlieir  body^  in  which,  indeed,  no  distinct  sucking*cnps 
are  visible,  but  merely  wart-shaped  stamps  of  feet,  at  least  upon  the 
last  This  form,  which  we  observe  in  the  larvae  of  most  of  the  Diptera, 
is  consequently  the  lowest  of  all.  And,  indeed,  what  is  still  more,  not 
merely  in  the  organs  of  motion,  but  also  in  the  mouth,  do  they  resemble 
each  other,  the  former,  like  the  latter,  possessing  short  hard-pointed 
puncturing  instruments,  with  which  they  pierce  their  food  and  then  im- 
bibe it.  The  second  grade  of  larvae,  namely,  those  maggots  which  are 
provided  with  a  head,  but  are  without  feet,  as,  the  larvse  of  the  /fy- 
menoptera,  and  of  many  beetles,  repeat  another  grade  of  the  Annvlata, 
in  which,  as  in  Nats,  there  is  a  distinct  head,  but  the  feet  are  wanting. 
The  third  grade  of  the  Annulata^  namely,  those  which  reside  in  tubes, 
and  are  furnished  with  large  bundles  of  gills,  find,  among  insects,  their 
representatives  in  those  larvae  of  the  May  and  caddis-flies,  which  dwell 
in  cases  and  breathe  through  gills.  The  fourth  grade  of  Annulata,  as 
Nereis,  Eumolpe,  Aphrodite^  &c.,  has,  besides  a  distinct  head,  many 
feet  on  the  ventral  side  of  the  segments,  and  their  analogies  are,  among 
insects,  the  caterpillars  of  the  Lepidoptera,  and  those  larvae  of  the  beetles 
which  are  furnished  mth  feet. 

In  the  pupa  state,  the  insect  advances  into  the  class  of  the 
Malacosiraca.  Just  as  the  pupa  state  is  a  mere  transition  in  the 
life  of  the  individual,  so  also  is  the  class  of  Malacoslraca  a  true 
transition  group  in  the  development  of  the  Arlkrozoa,  for  the  Arihrozoa 
contained  in  it  strive  to  detach  themselves  from  the  life  in  water  to 
elevate  themselves  to  the  life  in  air.  Thence  arise  the  innumerable 
different  forms,  and,  indeed,  the  greater  difference  between  the  indi- 
vidual organs  found  in  them  more  strongly  than  elsewhere;  with  perhaps 
the  exception  of  the  amphibia,  which  stand  in  the  same  relation  to  the 
vertebrata :  and  the  advance  from  the  life  in  water  to  the  life  in  air  is 
nowhere  observed  more  distinctly  than  in  the  order  of  the  Medacostracom 
The  Crustacea  are  true  water  animals ;  they  all  live  in  this  element, 
and  quit  it  rarely  and  as  an  exception.  The  Myriapoda  stand  npon 
the  confines  between  the  water  and  earth-dwellers :  some  incline  to  the 
former  and  others  to  the  latter.  The  Arachnodea,  lastly,  are  true 
earth-dwellers,  particularly  the  scorpions,  but  some  true  spiders  seek 
the  air  as  their  medium,  for  they  distend  their  web  upon  elevated 
sunny  places,  and,  floating  in  it,  seem  to  endeavour  to  revel  in  the 
purer  air ;  and,  indeed,  a  few  raise  themselves  upwards  in  the  air,  for 
instance,  A,  oblectrix,  which  is  raised  by  the  wind  upon  its  self-formed 
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doudsy  and  swims  in  the  fluid  element.    The  majority  are  inimical  to 
water :  a  few  only  seek  it  and  dwell  in  it. 

A  very  similar  series  of  developments  to  those  just  obserred  in  the 
Malacostraca,  do  we  find  in  the  pupa  of  insects  with  a  perfect  meta- 
morphosis. The  lowest^  as  the  pupa  of  the  gnats,  some  other  Diptera, 
and  the  Phryganece,  breathe  like  the  Crustacea  through  gills,  but 
their  number  is  small  compared  with  the  large  order  of  the  Crustacea, 
which  thence  proceeds  that  they  merely  briefly  indicate  this  order, 
and  are  not  intended  fully  to  repeat  it.  All  other  pupa  breathe  through 
spiracles.  Some  of  them,  as  the  pupae  of  the  flies,  crepuscular  moths, 
and  beetles,  lie  in  the  earth  ;  they  represent  the  Myriapoda,  of  which 
many  but  rarely  visit  the  light  of  day,  but  dwell  beneath  stones  and 
in  other  shady  places.  The  pupae  of  the  butterflies  and  Noctuts  seek, 
on  the  contrary^  the  air,  particularly  those  which  hang  themselves 
freely  in  the  air,  that  they  may  enjoy  it  upon  all  sides.  Those  that 
are  affixed  may,  lastly,  be  compared  with  the  spiders  that  float  in  their 
webs. 

With  respect  to  their  internal  organisation,  the  imperfect  simple 
tubular  form  of  the  entire  intestinal  canal,  the  predominance  of  the 
circulation  in  all  parts,  as  well  as  the  mere  rudiments  of  the  sexual 
oigans,  evince  the  analogy  of  the  larvae  to  the  Annulata,  The  per- 
fecting of  the  intestinal  canal  during  the  pupa  state,  particularly  the 
£irmation  of  the  proventriculus  at  this  period,  and,  lastly,  the  more 
distinctly  developed  sexual  organs,  although  the  latter  conditionates 
no  significant  external  difference,  still  further  prove  the  analogy  of 
the  pupa  and  the  Malacostraca. 

We  have  thus  shown  the  repetition  of  the  lower  grades  in  the 
development  of  insects  with  a  perfect  metamorphosis.  But  this  entire 
repetition  has  been  expressed  by  Oken  in  the  following  words  ^ : 
''  Every  fly  creeps  as  a  worm  out  of  the  egg ;  then  by  changing  into 
the  pupa,  it  becomes  a  crab,  and,  lastly,  a  perfect  fly." 

§  251. 

We  have  as  yet  taken  no  notice  of  insects  with  an  imperfect 
metamorphosis,  and,  indeed,  because  they  are  not  subjected  to  the  law 
of  repetition  or  analogy  which  is  so  distinctly  expressed  in  insects  wjth 
a  perfect  metamorphosis ;  for  moulting  is  no  metamorphosis,  although 

*  Naturgeschicfate  fiir  Schulen,  p.  577.  dtli  Class  and  pp.  581,  583. 
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the  form  of  the  body  is  somewhat  changed;  besides,  all  other  Arikrotoa 

are  likewise  subjected  to  this  moulting.  They  differ  from  the  remaining 
Arlhrozoa,  namely^  from  those  of  the  third  group,  merely  by  the  pre- 
sence of  new  organs  of  motion  peculiar  to  them,  and  the  presence  of 
these  organs  constitutes  really  their  physiological  and  philosophical 
character.  But  insects  with  a  perfect  metamorphosis  likewise  present 
this  character  and  a  second  one  in  addition^  namely,  the  repetition  of 
all  the  earlier  forms  of  the  Arlhrozoa  during  their  period  of  development. 
It  is  a  positive  fact,  confirmed  by  the  history  of  the  development  of  allj 
especially  of  the  vertebrata,  that  the  degree  of  perfection  of  an  organism 
or  organ  is  the  greater  the  more  numerous  the  grades  of  development 
are  which  it  must  traverse  to  attain  its  full  perfection.  If  we  apply 
this  law  to  insects,  it  follows  inoontestably  that  insects  with  a  perjGeet 
metamorphosis  must  be  placed  higher  in  the  series  of  animal  bodies  than 
insects  with  aii  imperfect  metamorphosis. 

We  may  now  ask^  why  was  such  a  difference  of  insects  from  each 
other  necessary  ?  Why  could  not  all  develope  themselves^  and  propa- 
gate in  the  same  manner  ?  To  this  we  may  reply — ^Nature  endeavours 
to  make  every  possible  use  of  the  means  which  she  has  conceived 
allowable  for  the  variation  of  a  determinate  type,  that  is  to  say^  all  the 
forms  that  are  elaborated  by  the  normal  progress  of  development,  she 
absolutely  creates  and  produces  as  independent  creatures.  This  law, 
which  we  find  everywhere  confirmed,  will  fiirmsh  us  with  a  key  to  the 
necessity  of  a  difference  among  insects  with  respect  to  their  metamor'* 
phosis.  I  refer  for  this  purpose  to  the  four  chief  classes  of  the  Arlhrozoa^ 
each  of  which  is  characterised  by  its  place  of  abode  and  the  posse^on 
of  peculiarly  formed  organs  of  motion,  and  we  already  saw  above  that 
the  presence  of  wings  in  any  of  the  Arlhrozoa  suffices  to  raise  it  to  the 
class  of  insects.  But  we  also  perceive  that  Nature,  if  she  will  derive 
differences  merely  from  the  organs  of  motion,  possesses  no  further 
means  to  found  new  variations,  for  she  has  already  exhausted  the 
forms  of  these  organs.  Whence,  then,  should  she  obtain  means  for  the 
attainment  of  her  object  of  producing  the  greatest  possible  variety,  if 
she  did  not  resort  to  the  last,  which  is  the  repetition  of  the  earlier  fonns 
in  a  higher  grade  of  perfection  ?  She,  therefore,  avails  herself  of 
this,  and  allows  one  portion  of  insects  to  be  distinguished  from  all 
the  other  Arlhrozoa  merely  by  the  presence  of  wings,  whereas  the  other 
portion  of  already  winged  insects  she  raises  so  above  the  preceding,  that 
she  conducts  them,  before  they  arrive  at  their  final  stage,  through  the 
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earlier  forms  of  the  Arihrozoa,  which  have  remained  stationary  upon  a 
lower  grade,  and,  at  a  certain  period  of  their  lives,  famishes  them  with 
merelj  pedal  warts,  then  with  hooked,  short  feet,  then  with  branchias 
and  natatory  laminie,  and,  later,  in  their  pupa  state,  with  rudimentary 
wings,  and,  lastly,  with  perfectly  developed  wings.  Thus  I  conceive 
to  be  explained  the  necessity  of  both  the  chief  groups  among  insects. 

In  insects  with  an  imperfect  metamorphosis  there  cannot,  conse* 
quently,  be  a  passage  through  the  earlier  forms  and  grades  of  the 
animal  kingdom ;  even  the  analogy  which  I  formerly  thought  I  detected 
between  them  and  the  consecutive  classes  of  the  Gastrogoa,  appears  to 
me  now,  upon  a  closer  investigation,  to  be  a  merely  playful  endeavour 
to  discover  resemblances,  and  which  I  consequently  no  longer  value. 
What  I  formerly,  as  a  proof  of  such  a  repetition,  deduced  from  the 
Buccessive  development  of  the  sexual  organs,  may,  with  equal  justice, 
be  applied  to  all  insects,  or  to  all  Arihrozoa,  and,  indeed,  to  all  animals 
whatsoever,  in  as  fiir  as  in  all,  the  perfecting  of  the  genitalia  progresses 
with  the  gradual  development  of  the  creature. 

Nevertheless,  all  insects,  notwithstanding  this  difference  from  each 
other,  must  be  recognised  as  members  of  the  same  dass,  and,  indeed, 
by  reason  of  the  uniformity  of  the  figure  of  the  whole  body,  that  is,  by 
its  division  into  three  chief  parts.  This  division  of  the  body,  which, 
among  all  the  Arihrozoa,  is  peculiar  to  insects  alone,  is  their  second 
most  important  truly  physiological  character,  which  proves  the  equali- 
sation of  the  contention  between  the  various  organs  of  the  body,  and  in 
the  limitation  of  each  individual  organ  to  a  particular  and  impassable 
sphere  of  action,  most  clearly  illustrates  the  fixed  laws  of  its  type  of 
structure,  which  is  always  a  predominant  character  of  highly  developed 
and  perfected  groups.  The  same  law  exhibits  itself  in  the  structure 
of  the  mouth,  the  antennie,  the  wings,  and,  especially,  in  the  number 
and  articulation  of  the  1^,  whence  their  number,  restricted  to  six, 
has  always  been  considered  as  the  safest  character  of  insects. 

§  252. 

Having  thus  explained  the  significance  of  the  insect  metamorphoses, 
^t  still  remains  for  us  to  define  distinctly  the  several  changes  which  the 
insect  undergoes  during  these  stages.  Indeed,  in  the  anatomical  descrip- 
tion of  the  organs  of  digestion  and  generation,  we  have  already  spoken 
of  the  changes  they  experience  during  the  metamorphosis  (§114  and 
%  163) ;  but  these  changes  have  not  yet  been  brought  into  connexion 
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with  tiw  otkep  tmnsfiirm&tions  ^  ^e  body ;  aad^  batidea^  w^  have  sot 
yet  ^st  all  spoken  of  the  great  discrepaney  of  the  form  of  the  limbs»  nor 
even  of^hat  is  still  more  important,  ntamely,  the  ad^tion  of  new  ones. 
In  the  ezplaxiation  of  these  subjects  which  ve  are  now  enterii^  upon, 
the  insects  with  a  perfect  melamorphosis  will  chiefly  occij^y  us,  in  so 
iar  as  in  them  only  does  a  true  transfofmaition  take  place ;  whereas  we 
shall  q)eak  of  the  insects  with  an  imperfect  metamorphosis  only  where 
we  take  notice  of  the  moulting,  and  upon  oar  investigations  into  the 
sprouting  of  the  wings.  We  shall  here,  therefore^  haVe  an  opptMtunity 
of  circumstantially  referxing  to  that  kw  laid  down  by  Von  Bar,  that 
there  is  visible  in  the  development  a  peHbcting  as  wdl  by  the  means  of 
morphological  and  histological  separation  aa  by  the  progresuve  fbrming 
of  a  particular  figure  from  one  more  generaL 

If  an  Arthrozoon,  whose  fonn  oonsists  of  n  longitudinally  distended 
and  generally  hardened  case,  composed  of  limbs  and  tings,  is  to  enlatge 
by  growth,  it  must  strip  off  its  former  covering  and  dothe  itself  with  a 
new  one,  as  the  old  one  inttenmpts  the  univemal  distension,  and>  indeed, 
makes  it  wholly  impossible.  It  is  only  in  those  Aribroxoa  which  dt^U 
m  moist  places,  so  that  from  their  place  of  abode  their  ii^tegmnent 
cannot  harden  in  the  air,  which,  therefore,  constantly  remains  equally 
soft  and  flexible,  the  casting  of  the  external  .integument  is  rendered 
unnecessary,  and  they  therefore  do  not  aioult^  but  even  in  the  higher 
Annulata,  for  instance,  in  the  leech,  a  moulting  is  observed,  and  atill 
higher,  for  example,  in  the  MalaooHraca^  it  is  the  necessary  condition 
<»f  growth.  In  insects,  also,  this  change  of  skin  must  likewise  take 
place  so  long  as  they  grow,  and  it  is  this  change  of  akin  alone  which,  in 
insects  with  an  imperfect  metamorphosis,  presents  itself  as  the  external 
mark  of  metamorphosis ;  but  it  is  also  proper  to  insects  with  a  perfect 
metamorphosis,  among  which  it  indicates,  as  well  as  among  the  preceding, 
a  transition  ^om  one  stage  of  life  to  another. 

The  earlier  physiologists  differ  in  opinion  from  the  modenui  npon 
the  mode  in  which  this  new  skin  originates  beneath  the  former. 
Swammerdamm  and  Bonnet  were  of  the  opinion^  in  accordance  with 
the  general  idea  of  their  age  of  the  theory  of  ^casement,  that  all  new 
skins  dready  existed  beneath  the  old  one,  and  that  the  latter,  without 
any  re-production  upon  the  part  of  the  larva,  was  merely  stripped  off. 
fixclnsively  of  the  true  object  of  moulting  being  overlodced  in  the 
adoption  of  this  opinion,  the  mere  observation  of  the  larva  having  con- 
siderably increased  in  size  immediately  after  the  divestment,  contradicts 
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k ;  for  if  the  new  »kin  already  existed  beneath  the  old  one,  most  it  not 
thera  exist  in  oonsideitibly  smaUer  compass  rather  than  in  horger? 
That  Kirby  and  Spenee  eooUl  adopt  and  explain  this  opinion  as  the 
most  eorrect,  distinctlj  fixes  their  position  in  phyaologj,  which,  not 
merdy  here,  but  almost  everywhere,  exhibits  itself  as  an  antiquated 
•oe.  Whereas,  according  to  Hetold's  *  admirable  observations,  there 
u  not  the  least  trace  in  the  yonng  larva  of  the  new  skin,  but  this  first 
originates  towards  the  end  of  the  first  period  of  the  caterpillar's  life,  a 
few  days  only  before  the  old  one  is  stripped  off.  It  is  then  observed 
that  the  mucoos  and  mnstolar  layers  of  the  skin  separate  all  round 
fnn  the  epidemu^  and  then  dothe  themselves  upon  the  superior 
sur&ce  with  a  new  cpiderinis.  The  development  of  this  new  eccternsl 
skin  occupies  two  or  three  daya^  during  which  the  caterpillar  appears 
fldkly  and  takes  but  little  or  nonooiishment.  Lastly,  the  old  skin 
divides  longitndinally  akmg  the  bade,  and  the  caterpillsr  frees  itself 
fmn  'its  now  separated  skin  by  means  of  contortions  and  violent 
mstisns,  first  emancipating  its  head  and  then  drawing  the  body  out. 
Tbe  epidermis,  all  the  extenml  visiUe  organs,  and  even  the  mandibles 
and  pslpi,  remain  attached  to  the  old  skin.  Upon  the  cateipiMar 
having  quitted  its  old  ease,  it  appears  very  languid,  its  body  is  soft  and 
easily  injured,  ss^  that  during  its  chai^  of  skin  even  a  slight  pressure 
is  sufficient  to  kill  or  wound  ikem,  but  it  speedily  resumes  its  former 
strength,  and  it  then  devoura  with  renewed  voracity,  as  if  eager  to  make 
up  for  lost  time.  Contemporaneoualy  with  tbe  formation  of  the  new 
skin,  the  intestinal  canal  has  ako  enlarged,  thence  after  its  moulting 
the  quantity  of  food  becomes  greater,  the  digestion  viore  perfect,  and 
the  formation  of  the  fatty  mass  is  more  rapid  and  in  larger  quantities. 
In  general,  this  first  moult  takes  place  about  the  twelfth  day  of  the 
life  of  the  caterpillar.  The  second  moulting,  which  occurs  after  another 
kpse  of  from  six  to  eight  days,  presents  the  same  phenomena,  and  has 
the  same  efiects;  and  the  third  also,  which  takes  place  after  another 
six  or  eight  days.  But  its  voradty  constantly  increases,  so  that  a 
larva  does  not  now  merely  consume  three  or  four  times  its  own  weight 
of  food,  but  it  also  increases  considerably  in  corporeal  mass ;  as,  for 
instance,  the  comparative  weight  of  a  fuU-grmvn  caterpillar  of  the  goat 
moth  to  that  of  the  yonng  one  jnst  crept  out  of  tbe  egg  is,  according  to 
Ljouet,  as  7^,000  to  1.     A  growing  flesh-fly  takes  in  twenty-^four 

*  £htwickelang8g«iehichte  der  SchmotterHngCf  p.  26,  &c. 
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hours  150  times  its  own  weight ;  but  the  common  caterpillar  of  Euprepia 
Caja,  which  weighed  thirty-six  grains,  and  every  tweltre  hoars  rejected 
from  fifteen  to  eighteen  grains  of  excrementj  increased  only  one  or  two 
grains  in  weight  in  the  same  space  of  time*.  The  increase  in  weight 
appears  to  be  much  greater  in  carnivorous  larvas,  for,  according  to 
Redi  t,  the  maggots  of  the  flesh-flies,  which  at  first  weighed  one  grain, 
so  increased,  that  each,  on  the  following  day,  weighed  seven  grains, 
which  gives  a  proportion  of  increase,  in  twenty-four  hours,  of  horn 
1  to  200. 

After  the  third  moulting,  when  the  larva  has  acquired  its  fuU  size, 
the  rudiments  of  the  wings  begin  to  form  beneath  the  skin,  apon  the 
first  and  second  segments.  They  at  first  present  themselves  as  ^ort 
viscous  leaves,  the  substance  of  which  greatly  resembles  that  of  the 
mucous  tunic,  and  to  which  many  ddicate  tracheae  pass,  which  dis- 
tribute themselves  throughout  them.  These  rudiments  increase  with 
the  growth  of  the  caterpillar,  and  betray  themselves,  even  externally, 
by  both  the  segments  of  the  caterpillar,  upon  which  these  rudimentary 
wings  are  found,  appearing  swollen  and  spotted.  Their  enlargement 
probably  takes  place  by  the  assistance  of  the  blood  flowing  into  them. 
Simultaneously  with  the  perfecting  of  these  rudiments  the  intestinal 
canal  increases  in  compass,  and,  as  a  consequence  of  this  increase  there 
is  a  greater  accumulation  of  the  fetty  mass.  A  transfoimation  is  alss 
taking  place  in  the  anterior  feet  of  the  caterpillar,  for  the  larger  legs 
of  the  butterfly  begin  to  form.  But,  as  a  similar  transformation  ia 
going  on  in  the  oral  organs,  the  caterpillar  loses  its  desire  to  eat  and 
power  of  masticafion,  it  ceases  to  receive  food,  and  prepares  itself  for 
its  last  moulting,  viz.,  for  its  change  into  the  pupa.  It  seeks  for  this 
purpose  an  appropriate  place  where  it  can  lie,  hang,  spin,  or  attach 
itselfy  and  it  accomplishes  this,  its  last  business,  the  same  as  its  earlier 
ones,  with  great  care  and  consideration.  After  its  situation  and  web 
are  prepared  it  reposes  a  few  days,  then  strips  ofiP  its  skin,  and  now 
presents  itself  as  a  pupa,  with  the  visible  limbs  of  the  butterfly. 

It  is  striking  that  insects,  notwithstanding  such  a  great,  and,  we  might 
almost  say,  unexampled,  capacity  of  production  which  is  exhibited  both 
in  their  rapid  growth  and  the  increase  of  the  body  in  mass  as  well  as 
in  the  development  of  new  parts  and  the  enlargement  of  the  old  ones 
during  the  pupa  state,  display  but  very  slight  traces  of  a  power  of  re- 

*  Kxf%y  and  Spence,  vol.  i.  f  De  Genenj^.  Iniectoruin,  p.  27. 
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production.  Beckmann  *  and  Ooeze  t  hare  imparted  experiments^  the 
results  of  which  are— that  the  former^  in  Agrion  virgo,  and  the  latter  in 
Semblis  bicaudata,  Fah.  {Perla,  Geoff,),  once  observed  a  leg,  which 
was  smaller  than  the  rest,  whence  Goeze  concludes  that  this  leg  must 
have  been  lost,  and  subsequently  replaced  by  a  new  one.  To  these 
former  obserirations  we  may  add  some  more  recent  ones  of  Heineke  %, 
which  are  absolutely  of  greater  importance.  On  the  25th  of  July  he 
cut  off  both  the  antennas  of  a  Blatta  Madeira,  after  which  it  moulted 
on  the  8th  of  August,  and  now  acquired  two  new,  but  much  shorter 
ones*  He  repeated  the  same  experiment  in  the  pupa  of  a  Reduvius, 
where  he  obtained  the  same  result.  In  perfect  insects  also,  subject  to 
no  further  moulting,  namely,  species  of  the  genera  Forficula,  Gryllus, 
LocuJita,  and  Acridium,  he  mutilated  in  the  same  manner,  but  even  in 
the  space  of  two  months  they  acquired  no  new  limbs,  but  cast  off  the 
old  ones  shortly  after  they  were  injured.  These  results  entirely  har- 
monise with  the  reproduction  of  the  spiders ;  these  also  renew  their 
lost  limbs  only  so  long  as  they  yet  moult,  whereas  after  their  last 
moulting  they  cast  off  their  mutilated  ones,  but  acquire  no  new  ones. 
We  must,  therefore,  ascribe  to  insects,  at  least  to  those  with  an  imperfect 
metamorphosis,  the  power  of  replacing  lost  limbs,  with  these  restric- 
tions. It  does  not  appear  to  be  different  in  insects  with  a  perfect 
metamorphosis,  for  mutilated  caterpillars  are  said  to  obtain  new  limbs, 
that  is  to  say,  1^,  after  the  next  moulting.  But  it  is  remarkable  that 
these  limbs  do  not  germinate  whilst  the  insect  remains  in  its  old  case. 
I  think  this  circumstance  is  explained  by  the  hardening  of  the  integu- 
ment, whence  it  is  to  be  considered  as  it  were  dead,  and  thence  I  deduce 
the  reason  of  the  known  fact,  that  wounds  given  to  insects  cicatrise 
only  upon  the  next  moulting,  and  consequently  never  in  their  perfect 
state.  It  must  also  be  attributed  in  a  great  measure  to  the  deficiency 
of  blood  vessels,  for  by  their  assistance  cicatrisation  and  the  resupply 
of  flesh  is  promoted,  namely,  the  constant  streaming  of  the  blood  to 
the  wounded  spot,  is  the  first  cause  of  its  subsequent  living  recon- 
nexion.  By  means  of  the  blood  the  lips  of  the  wound  are  stuck 
together,  and  hence  is  formed  the  cellular  tissue  which  unites  the 
divided  parts.  Both  blood  and  cellular  tissue  are  consequently  the 
means  which  nature  makes  use  of  to  replace  lost  or  divided  animal 

*  PbysinkaIiBch.aekonomi9che  Bibliothek.  vol.  yiii.  p.  20. 

f  Natorfoncher,  part  xii.  p.  221. 

X  Uu,  1801,  p.  1359.     From  the  Zoological  Journal,  vol.  It.  p.  422. 
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parts  ;  and  now,  as  the  first  stands  upon  a  very  low  grade  in  insects, 
and  the  second  is  wholly  deficient,  consequently  a  cicatrisation  of 
wounds  can  never  be  effected.  But  if  beneath  the  wounded  akin  a 
new  one  is  formed  it  uninterruptedly  covers  the  wound  of  the  old  one, 
and  after  moulting  the  larva  appears  healed,  if  the  wound  be  not  of  a 
description  to  affect  its  life,  and  thus  interrupt  all  future  changes  of 
the  skin. 

§  253. 

In  our  representation  of  the  metamorphosis  we  have  omitted  one 
phenomenon  which  was  mentioned  in  earlier  parts  of  the  work  (§  114 — 
127),  namely,  the  simultaneous  moulting  of  the  intestinal  canal  and 
trachese,  with  that  of  the  external  int^ument.  Bonnet  *  and  Swam- 
merdamm  f,  the  first  physiol(^sts  of  their  age,  especially  with  respect 
to  the  class  of  insects,  maintained  this  opinion,  and  from  their  works 
it  has  passed  into  those  of  modern  physiologists ;  whereas  Herold,  in 
his  history  of  the  development  of  the  butterfly,  says,  that  such  a  change 
of  the  tunic  of  the  intestinal  canal  never  happens,  and  that  in  the  tracheae 
it  occurs  only  in  the  large  main  stems  %,  In  fact,  we  must  confess  that 
if  the  stripping  of  the  skin  is,  as  we  have  above  remarked,  merely 
caused  by  its  gradual  hardening  in  the  air,  and  the  consequent  impos- 
sibility of  the  distension  of  the  increasing  body,  it  does  not  require  that 
we  should  thence  admit  of  an  equally  requisite  change  of  the  internal 
tunic  of  the  intestinal  canal,  nor  even  of  the  traches,  except  in  their 
large  main  stems,  into  which  much  air  passes,  and  that,  therefore. 
Bonnet's  assertion  reposes  either  upon  a  false  observation,  or  was  per- 
haps wholly  invented  by  him  for  the  support  of  his  theory  of  encase- 
ment. But  in  opposition  to  this,  independent  of  the  credibility  to 
which  a  man  like  Bonnet  may  lay  claim,  the  testimony  of  Swammer- 
damm  speaks,  and  who  certainly  did  not  lie,  or  say  more  than  he  saw : 
he  remarks,  that  at  the  posterior  end  of  the  stripped  skin,  where  it  is 
twisted  up  and  folded,  he  observed  the  moulted  colon,  and  that  after 
the  moulting  of  the  larva  of  the  rhinoceros  beetle  the  internal  tunic  of 
all  the  trachese,  even  to  their  most  delicate  extremities,  were  visible  in 
the  stripped  integument  §.  I  have  distinctly  observed  the  same  in  the 
moulting  of  the  Libellula  ;  in  these,  not  merely  the  main  stems,  but 


•  Contemplaaons  do  U  Nature,  torn.  ii.  p.  48.     f  Biblia  Natune,  pp.  129, 1S4,  239,  Ac. 
t  Pp.  34.  and  88.  §  Biblia  Natune,  p.  129,  b. 
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also  many  auxiliary  ones^  \fere  divested  of  their  tnnic^  and  likewise  the 
inteniBl  tunic  of  the  eolon  remained  attached  to  the  peeled  case.  We 
hare  likewise  above  drawn  attention  to  the  uniformity  of  the  external 
epidermis  with  the  mucous  tunic  of  the  internal  organs,  and  by  a 
similar  pathol(^cal  phenomenon,  shown  their  affinity.  Thus,  the 
observations  of  equally  credible  witnesses  and  the  several  theories  clash 
together.  It  is  difficult  to  discover  the  truth  in  the  midst  of  such  con- 
tradictions. To  conclude  that  in  one  order  such  a  changing  of  the 
skin  exists,  but  not  in  the  other,  appears  inadmissible,  as  nature  in 
general  pursues  in  its  process  of  development  a  certain  uniformity. 
Perhaps,  however^  we  may  find  an  outlet  if  we  adopt  that  in  smaller 
individuals  the  internal  tunic  of  the  intestinal  canal  is  more  easily 
absorbed,  whereas  in  the  larger  ones,  furnished  with  a  coarser  mucous 
membrane,  it  is  rejected.  Many  observations  speak  in  favour  of  such  an 
absorption^  namely,  the  absorption  of  the  mucous  membrane  of  the  egg- 
tube  at  its  lower  extremity,  where  it  stands  in  connexion  with  the 
oviduct  after  it  has  developed  the  lowest  egg  at  this  spot,  and  then  hss 
passed  into  the  oviduct  itself  (§  210).  But  the  perfect  explanation 
and  determination  of  this  doubt  remains  still  as  the  problem  of  careful^ 
prolonged,  and  comprehensive  experiments  and  observations. 

§  254. 

The  number  of  moultings  of  the  larva  until  its  full  growth  appears  to 
vary  considerably  in  different  families  and  genera.  "  It  may  be 
assumed  in  general  that  they  change  their  skin  three  times.  This  is 
the  case  in  all  insects  with  an  incomplete  metamorphosis.  After  the 
first  change  the  larva  has  merely  increased  in  size,  but  during  this 
second  period  of  its  existence  the  rudiments  of  the  wings  form  beneatU 
the  skin ;  consequently,  after  the  second  moulting,  these  incipient  wings 
present  themselves  externally  as  small  leaves,  which  cover  the  sides  of 
the  first  abdominal  segment;  these  larvce  are  called  nymphs*,*'  it 
being  analogous  to  the  pupa  state  of  other  insects.  When .  this  pupa 
again  moults  the  insect  attains  its  perfect  condition ;  the  at  first  shorty 
soft,  thick  wings  spread  in  the  course  o£  a  few  minutes  to  their  future 
full  size,  then  speedily  dry  in  the  air,  when  the  at  first  distinct  circu- 
lation of  the  blood  in  the  ribs  gradually  disappears,  and  the  metamor- 
phosis of  the  individual  is  completed.    It  raises  itself  with  difficulty 

*  The  pusago  in  inverted  commas  is  a  MS.  alteration  from  the  original,  commu- 
nicated by  the  author. — Ta. 
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in  the  air  by  means  of  the  first  strikings  of  its  wings,  which  snooeed 
but  imperfectly,  and  it  then  seeks  a  more  elevated  spot  whence  to 
exercise  its  new  function  with  fuller  effect. 

Some  genera,  which  from  their  abode  in  water  prior  to  this  period, 
make  a  transition  to  living  in  the  air,  form  in  a  remarkable  manner  a 
perfect  exception  to  the  law,  that  with  the  casting  of  the  pupa  case  the 
metamorphosis  of  the  individual  is  concluded.  It  is  universally  known 
of  the  Ephemerae,  that  in  about  half  an  hour,  and  indeed  frequently 
only  some  minutes,  after  they  have  quitted  the  pupa  case,  again  moult, 
and  then  only  are  able  to  copulate  and  procreate.  This  observation 
may  be  repeated  without  the  least  trouble  in  July  and  the  commence* 
ment  of  August,  when  the  Ephemera  in  watery  situations  quit  the 
water  towards  evening  by  myriads.  The  just  excluded  Ephemera 
flutters  immediately,  although  with  difficulty,  out  of  the  water,  and  in 
the  course  of  a  quarter  or  half  an  hour,  but  in  the  smaller  species  in  a 
shorter  space  of  time,  it  seeks  an  elevated  object,  for  instance  the  stem 
of  a  tree,  the  post  of  a  bridge,  houses  that  are  close  at  hand,  and 
even  individuals  standing  upon  the  bank,  and  here  clings  firmly  with 
extended  l^s.  Speedily  afterwards  the  dorsal  case  splits  in  its  middle, 
upon  which  the  insect  with  violent  motion  first  frees  its  head  and 
anterior  legs  from  the  old  skin,  which  is  succeeded  by  the  other  legs  as 
soon  as  the  anterior  ones  have  affixed  themselves,  and  then  at  the  same 
time,  but  gradually,  by  the  wings  and  abdomen.  Prior  to  this  moult- 
ing the  creature  has  not  acquired  its  usual  markings  and  dark  colour, 
which  we  perceive  immediately  after  the  new  change  of  skin ;  and  it  is 
also  remarkable,  that  after  this  change  all  the  limbs,  particularly  the 
longer  anterior  legs  and  anal  sets  of  the  male,  become  both  more 
slender  and  longer  than  before.  The  homy  case  of  the  eyes  is  the  only 
part  which  does  not  participate  in  this  moulting.  An  analogous  pro- 
cess is  found  to  take  place  in  the  pupa  of  the  Phryganece  and  Semblodes, 
which  in  that  state  repose  without  taking  food,  and  are  consequently 
endowed  with  a  perfect  metamorphosis,  for,  according  to  De  Gker  *,  it 
quits  its  place  of  repose,  beneath  the  water,  and  creeping  up  the  sides 
higher  than  the  surfeM^,  there  casts  its  pupa  case.  I  am  inclined  to 
surmise  from  my  own,  indeed  not  fully  comprehensive  observations, 
that  the  already  perfected  insect  creeps  forth,  and  then  reposing  for  a 
time,  moults  a  second  time.     During  this  repose  the  wings  especially 

t  M^oirot  feor  VHist  des  Insectes,  torn.  IL 
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ftre  fonned,  which  in  the  just  excluded  insect  possess  but  half  their 
size,  but  fully  develope  themselves  after  this  r^ewed  change  of  skin* 

Among  insects  with  a  complete  metamorphosis  the  caterpillars  of  the 
butterflies  moult,  according  to  Kirby  and  Spenoe  *,  frequently ;  but 
thrice,  according  to  Cuvier  f.  After  the  last  moulting  they  become 
pupas,  and  after  the  casting  of  the  pupa  case  butterflies.  The  cater- 
pillars of  the  Noctu<Bf  on  the  contrary^  moult  four  times,  but  some  of 
the  large  ones,  which  live  for  two  years  as  caterpillars,  much  more  fre- 
quently, for  instance,  Euprepia  villica,  from  five  to  eight  times ;  £«- 
prepia  dotninula,  nine  times ;  and  Euprepia  caja,  ten  times  %•  The 
time  between  two  moultings  also  varies  much,  which  appears  to  depend 
partly  upon  the  size  of  the  insect  and  partly  upon  its  length  of  life. 
The  larger  ones  require  a  longer  and  the  smaller  ones  a  shorter  period. 
In  general  tlie  interval  between  two  moultings  varies  from  eight  to 
twenty  days,  excepting  that  those  Lepidoptera  which  change  into  pupfl» 
late  in  the  summer  cft  autumn,  then  lie  the  whole  winter  as  pupn,  and 
are  only  folly  developed  upon  the  following  spring.  These  pupae  change 
their  larva-skin  very  early,  mostly  in  the  course  of  a  few  days,  whereas 
others  remain  long  in  it.  This  is  the  case  in  the  larviB  of  the  Tenthre" 
dcnodea  s  even  after  the  pseudo-caterpillar  has  spun  its  cocoon,  it  still 
remains  for  some  weeks  in  its  old  skin,  and  only  shOTtly  before  its  time 
of  exclusion  does  it  strip  oflT  its  dried  up  larva  case.  This  is  at  least  the 
case  in  the  genus  Cimhex,  but  in  the  smaller  Tenihredos,  for  instance  in 
Lophyruif  in  which  the  pupa  state  is  of  short  duration,  the  larva  skin  i» 
earlier  cast.  Some  larvse,  namely,  the  maggots  of  many  of  the  fliesj 
(EHrif  Syfphodea,BnANotacantha  change  into  pupee  in  their  larva-case. 
All  these  larvae  likewise  possess  the  remarkable  peculiarity  that  they  do 
not  moult,  but  retain  their  old  skin  ^m  the  commencement  of  their 
existence.  It  is  in  connexion  with  this  peculiarity  that  we  observe  the 
stronger  folding  of  their  external  tunic,  as  also  their  abode  in  damp  situ- 
ations ;  some  larvie  of  the  Syrphodea  alone,  namely,  the  larvae  of  Syt" 
phus,  which  prey  upon  the  Aphidei,  make  an  exception  to  this  dwelling- 
place,  whereas  on  the  other  side  many  larvae  moult  which  live  in  moist 
places,  namely,  all  the  larvae  of  the  Diptera,  with  many  joints  to  their 
antennK,for  instance,  those  of  the  gnats  and  Tipula^  which  distinguish 
themselves  from  the  preceding  by  the  possession  of  a  distinct  head.   The 

•  Introdnction,  vol.  iii.     Nouv.  Diet,  d  Hist.  Nat  ▼ol.  tI.  p.  289 ;  vol.  xx.  p.  372. 

t  Lemon's  d*Anat.  Comp.  toI.  ii.  p.  547. 
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reason^  therefore,  why  these  larvse  do  not  moult  cannot  lie  exdasivelj 
in  their  damp  place  of  abode ;  nor  that  their  existence  as  maggots  is 
but  of  short  duration,  as,  for  example^  in  the  common  flesh  flj  from 
eight  to  ten  days^  but  it  must  be  found  in  other  conditions  of  their  organ* 
isation  which  have  not  yet  been  discovered.  Besides,  this  phenomenon 
also  proves  that  the  development  of  insects  of  different  orders,  and  even 
of  the  different  families  of  the  same  order,  can  take  place  in  a  different 
manner,  and  that,  therefore,  the  assertion  that  the  intestine  also  moults 
in  some  orders,  whereas  in  others  it  does  not,  is  not  so  wholly  gratuitous; 
but  we  will  nevertheless  not  decide,  having  made  no  observations  upon 
the  subject.  The  determination  in  another  instance  is  just  as  difficult, 
and  in  which  also  the  observations  of  several  naturalists  stand  in  direct 
contradiction :  this  is  the  case  in  the  maggot  of  the  bee.  This,  accord- 
ing to  Reaumur  and  Huberts  observations  *,  like  all  the  apode  larv» 
of  the  Hymenoptera,  consequently  in  by  far  the  majority,  does  not 
moult,  but  merely  gradually  grow  larger.  Whereas  Swammerdamm 
says  expressly  that  he  has  observed  the  moulting  of  the  larva  of  the 
bee  f,  and  that  he  has  likewise  found  the  inner  tunic  of  the  intestinal 
canal  in  the  caecum  behind  the  stomach  of  the  maggot  of  the  hornet  t» 
However  the  case  may  be,  we  prefer  adopting  the  first  opinion,  as  all 
these  larvas  exhibit  a  very  great  conformity  with  those  of  the  Diptera, 
which  certainly  do  not  moult.  This  conformity  refers  not  merely  to 
the  larva,  but  likewise  considerably  to  its  mode  of  life,  in  as  far  namely 
as  that  the  larva  of  the  (Estri,  as  well  as  the  maggots  of  the  pupa- 
phaga,  are  true  internal  feeders.  But  they  in  so  far  differ  from  each 
other  that  the  hymenopterous  larva  casts  its  skin  when  it  becomes  a 
pupa ;  the  larvs  of  these  Diplera,  however,  change  into  pupa  within 
their  larva  skin.  In  Stratiomys,  indeed,  the  shape  of  the  larva  remains 
unaltered,  and  it  was  thence  that  Knoch  considered  this  larva  an 
annulate  worm,  in  which  the  larva  of  the  Straiiomys  lived  as  a  para* 
site  II :  in  the  rest,  however,  the  soft  skin  of  the  larva  shrinks  np  into 
an  egg-shaped,  hard,  annulated  case,  in  which  the  pupa  is  concealed* 
with  its  free  and  visible  limbs.  The  other  Diplera,  which  moult  as 
larvn*  cast  their  larva  akin  before  changing  into  the  pupa  state ;  this 
is  the  case,  for  instance,  in  the  larvae  of  the  gnats,  of  the  Asiiica^  Xyh^ 
phagi,  and  many  others. 

*  Kirby  and  Spence,  vol.  iii.  f  Biblia  Nature,  p.  163,  a.  $  lb.  p.  133,  a. 
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§  S55. 

The  changes  which  take  place  irithin  the  larva  during  the  several 
DiouitiQgs  are  unimportant.  But  formerly^  where  we  spoke  of  the 
changes  which  the  intestinal  canal  and  the  sexual  organs  undergo 
during  the  metamorphosis  (§114  and  143)>  and  which  we  have  since 
recently  referred  to,  we  noticed  that  the  changes  of  these  organs  com- 
mence only  during  the  pupa  state^  and  that  consequently  the  cater- 
pillar retains  the  same  form  of  the  intestinal  canal  and  the  same  figure 
of  the  sexual  germs,  and  that  both  merely  increase  with  its  growth,  in 
compass  and  in  the  structure  of  their  tunic.  But,  upon  the  larva  pass- 
ing into  the  pupa  state,  a  change  of  the  internal  organs  takes  place,  as 
well  as  of  the  external  figure.  These  changes  we  have  indicated  at  the 
above  place,  but  those  undergone  by  the  larva  we  explained  earlier 
(§  60) ;  it,  therefore,  merely  remains  for  us  to  make  a  few  observations 
upon  the  clunracter  of  these  transformations. 

With  respect  to  form,  by  it  the  law  laid  down  by  Von  Bar,  of  a 
piogression  from  a  general  to  a  particular  figure  during  development, 
receives  full  confirmation.  The  intestine  of  the  larva  is  simple,  broad, 
generally  straight,  and  without  many  convolutions ;  its  divisions  are  not 
strongly  marked,  but  pass  gradually  into  each  other.  During  the  pupa 
state,  however,  it  transforms  itself  to  a  longer,  much  convoluted  tube, 
separated  into  several  divisions,  which  now  exhibit  i^  distinct  difiference 
of  texture;  and  indeed  new  organs  are  added  of  which  there  was 
formerly  no  trace,  namely^  the  proventriculus  in  the  Carabodea,  the 
socking  bladder  and  cecum  in  the  LepidopterOi  the  villi  in  the  ilium 
of  the  flesh  eaters,  &c.  In  the  flies,  in  which  indeed  the  intestine  upon 
the  whole  shortens,  each  individual  division,  however,  and  particularly 
the  ilium,  acquires  a  more  determinate  form  and  a  more  compact  struc* 
ture ;  the  sucking  stomach  more  distinctly  separates  itself,  its  orifice 
lengthens,  as  also  does  the  oesophagus.  In  the  sexual  organs  there  is 
a  more  distinct  difference  of  structure :  parts  which  previously  had  a 
great  resemblance  to  each  other,  namely,  the  testes  and  ovaria,  from 
day  to  day  increase  in  dissimilitude ;  and  other  organs,  of  which  before 
there  was  no  indication,  gradually  form  themselves  from  simple  pro- 
cesses to  long  convoluted  canals ;  lastly,  the  pupa  itself  exhibits  a  vast 
discrepancy  of  form.  The  larva  was  a  worm  composed  of  equally  large 
rings ;  the  pupa,  on  the  contrary,  possesses  the  entire  form  of  the  sub- 
sequent insect,  and  differs,  therefore,  with  respect  to  the  forms  of  iu 
rings  chiefly  by  the  difference  of  size  found  between  several,  namely, 
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thoBeof  the  thorax  and  abdomen.  Thk  diaaimilarity  is  fonnded  upon 
the  more  determiiiate  figure  divaricating  tnorefirom  the  general  oim 
which  the  three  segments  of  the  thorax  hare  adopted,  a  diasimihurity 
ibund  to  exiat  not  onlj  between  them  and  the  s^nieats  of  the  abdomen 
iMit  also  between  them  individually. 

With  respect  to  the  aeoond,  tlie  histoiogioal  and  morphological  sepa* 
ration^  the  first  we  have  already  superficially  touched  upon.  The 
tunics  of  the  intestine  do  not  indeed  become  uniformly  more  compact 
and  firmer  by  the  metamorphoais^  but  in  general  only  in  those  cases  in 
whioh  the  perfect  insect  [takes  the  same  food  as  the  larva,  namely,  in 
the  Carnivora,  In  the  Lepidoptera  the  increased  development  in** 
creases  the  necessity  of  better  and  more  delicate  nutriment,  caonse* 
quently  the  butterfly  does  not  require  so  compact  an  intestinal  tunic  as 
the  caterpillar«  The  latter  has  to  elaborate  and  extract  the  entire  sub- 
fltance  of  the  plant,  the  fiormer  merely  feeds  upon  the  most  delicate 
juices  of  flawers»  namely,  tlieir  ho^ey.  The  thick  fleshy  proventrjculus, 
armed  with  homy  teeth  and  plates>  most  perfectly  exhibits  the  histolo- 
gical separation.  From  the  thin  membranous  cardia  of  the  stomach  of 
the  larva  during  the  short  pupa  state  this  powerful  and  muscular  organ 
has  been  produced;  from  this  same  thia  tunic  processes  have  arisen^ 
and  thus  its  cavity  has  distended  upon  all  sides.  But  in  conjunction 
with  this  the  general  cavity  of  the  ilium  decreaaesi^  the  muscular  fibres 
contract,  and  form  a  compact  firmer  membrane  than  that  of  the  stomach 
of  the  larva.  And  lastly>  the  morphological  separation  is  even  more 
decided ;  similar  rings  transform  themselves  into  the  most  dissimilar 
divisions  of  the  body,  and  in  these  divisions  large  muscles  grow  from 
small  beginnings,  new  organs  of  motion  are  also  associated  during  the 
pupa  state,  and  the  old  ones  become  lengthened  generally  as  well,  as 
in  their  several  joints,  and,  indeed,  what  was  formerly  a  single  joint 
becomes  divided  into  from  four  to  five,  namely,  the  tarsus ;  or  an  oigan 
which  consisted  of  three  or  four  joints  now  exhibits  ten,  twenty,  and 

» 

sometimes  as  many  as  fifty.    Eyes  even,  the  most  important  of  all  the. 
organs  of  the  senses,  originate ;  and  at  a  place  where  previously  the 
situation  of  the  head  was  indicated,  merely  by  the  orifice  of  the  mouth, 
an  entire  head  is  formed  with  all  its  requisite  organs, 

§  256. 

The  preceding  paragraph  shows  us  tha^  the  character  of  the  meta- 
morphosis of  insects  is  found  to  be  now  restricted  t^  it^. 
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from  a,  in  every  respect^  general  form  Co  one  moM  particolar  and  deter- 
minate. This  character  di^layg  itself  most  distinctly  in  the  perfect 
insect  in  the  separation  of  the  entire  body  into  three  particular  divi- 
sions, each  of  which  comprises  its  peculiar  organs.  It  likewise  stands 
in  the  closest  connexion  with  the  general  ideas  el  development,  and  of 
the  higher  perfeetioa  of  organic  natural  bodies,  in  as  fsr  as  by  this 
structure  of  the  body  the  individual  oigans  are  more  distiaetly  separ^ited 
from  each  other,  and  each  has  acquired  its  determinate  situation  and  a 
more  artiicial  composition.  The  head  is  the  bearer  of  the  organs  of 
the  senses,  the  thorax  of  those  of  motion,  and  in  the  abdoinen  the 
otgans  of  vegetation  are  placed.  That  portion  of  the  body,  conse- 
qnently,  which  in  the  series  of  Gastrozoa  predominated  has  become  in 
the  insect  if  not  the  smallest  yet  the  most  simple  and  least  developed, 
whereas  that  in  which  all  the  oigans  are  situated  that  charaotense  the 
Arthroioa,  which  are  the  organs  of  motion,  namely,  the  thorax,  is,  with 
respect  to  its  composition  and  development,  the  most  perfects  But  we 
have  above  seen  (§  158)  that  the  organs  of  motion  fall  into  active  and 
passive.  But  this  separation  is  first  found  distinctly  expressed  in  the 
Arihrozoa.  We  certainly  find  the  active  ones  or'  muscles  universally 
among  the  Gastrozoa,  and  also  indications  of  the  passive  ones  are  found 
in  the  internal  bony  parts  and  partial  skeleton  ;  but  a  perfect  skeleton 
of  hard  parts  to  which  the  muscles  can  be  attached  is  first  foand  in  the 
higher  Arthrozoa,  namely.,  the  Crustacea  and  Imsectaj  and  which 
presents  itself  as  an  external  ossified  or  homy  integument.  The  most 
simple  form  of  this  external  integument  is  the  ring,  all  particularities 
and  individual  divarications  have  consequently  proceeded  from  the 
annular  form,  and  must,  therefore,  admit  of  being  referred  back  again 
to  it.  The  first  change,  however,  which  the  ring  iu  the  progress  of  deve- 
lopment sufiers  is,  that  it  separates  into  a  superior  and  inferior  half; 
thus  are  formed  the  rings  or  segments  of  the  abdomen,  as  well  as  of 
many  larvee  and  caterpillars.  Whence  the  lower  half  thickens  in  its 
centre,  and  £rom  this  spot  sends  processes  inwardly,  which  also  occa* 
sionally  form  into  a  ring,  and  thus  a  smaller  ring  is  inclosed  within 
the  larger  one,  but  both  of  which  touch  at  one  spot,  namely,  where  a 
half  diameter  drawn  from  the  centre  touches  the  circumference.  This 
inner  ring,  or  the  processes  which  indicate  it,  receive  the  nervous  cord 
within  it,  whereas  all  the  other  organs  are  encompassed  by  the  larger 
external  ring.  Thus  are  formed  the  most  perfect  segments,  namely, 
those  of  thd  thorax. 
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If  we  compare  this  structure  of  the  parts  of  the  skeleton  with  those 
found  in  the  vertebrata  we  discover  a  not  unimportant  uniformity  in  their 
fundamental  composition.  That  point  namely  from  which  the  arch  of 
both  rings  proceeds  is  analogous  to  the  body  of  the  vertebra ;  the  bow 
of  tlie  smaller  ring  presents  itself  as  the  foramen  meduUare,  and  that  of 
the  larger  ring  those  moveable  processes  which  hang  attached  to  the 
vertebrae^  and  which  are  called  ribs;  the  superior  and  generally  smaller 
half  ring,  lastly,  which  unites  the  two  arches  of  the  lower  half  ring  to  a 
whole  ring,  represents  the  sternum  placed  between  the  ends  of  the 
ribs.  Hence,  thus  we  obtain  as  the  fundamental  form  of  the  skeleton 
of  the  insect  the  vertebrae  with  their  radiations,  just  the  same  as  these 
bones  form  the  foundation  of  the  trunk  and  head*bones  of  the  vertebrata. 
The  difference  between  both  is  found  only  that  in  the  vertebrata  the 
radiations  of  the  vertebrae  take  an  opposite  direction^  whereas  in  insects 
they  project  on  one  side  only.  Besides,  this  view,  which  appears  to 
contain  so  much  truth  as  not  to  require  a  proof  in  detail,  is  by  no 
means  new,  but  has  been  advanced  by  several  comparative  anatomists^ 
namely,  Geoffroy  St.  Hilaire  *,  Robineau  Desvoidy  t>  and  more 
recently  by  Carus  J.'  We  need,  therefore,  merely  refer  to  the  labours 
of  these  learned  men,  particularly  to  the  last,  and  those  who  shall 
consider  this  comparison  an  absurdity,  we  draw  their  attention  to  his 
detailed  representation ;  it  here  suffices  to  have  found  the  result  in 
a  simple  development. 

§257. 

But  that  the  vertebrae  here  lie  upon  the  surface,  whereas  in  the 
Osieozoa  they  are  encompassed  by  soft  parts,  is  grounded  upon  the  entire 
formative  type  of  the  Arihrozoa,  which  is  no  other  than  that  the 
skeleton  in  them  is  always  external,  whereas  in  the  Osieozoa  it  has 
become  internal.  But  why  this  is  so  ordained  by  nature  we  can  only 
answer  when  we  shall  have  seen  why  nature  has  produced  GasirO', 
Arihro-,  and  Osieozoa,  and  to  answer  this  would  be  stepping  beyond 
those  limits  within  which  human  investigation  is  restricted,  espedaily 
in  its  inquiry  into  final  causes ;  consequently  a  miscalculation  of  its 
capacity.     But  one  thing  strikes  us  with  astonishment,  namely,  that  in 

*  Annales  des  SdenoM  Phyiie.  Part  it.  1820,  p.  96^133.,  n^enco  txtnikted  in 
Meckel*!  dentaohen  Aicbiv  fdr  die  PhjBiologie,  torn.  vi.  p.  69. 
f  Reebeiches  tor  rOiguiintion  Tertebnle  des  CraitKef,ftc   Paris,  1628.  8to. 
X  Von  den  Urtheilen  des  Knochen  und  Schalengerfbtes.  Ldpz.  1830.  Folio,  with  plates. 
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the  Artkrozoa  the  vertebrs  lie  upon  the  ventral  side^  and  in  the  Osteozoa 
npon  the  dorsal.  This  arises  from  the  situation  of  the  nervous  cord ; 
if  this  lie  upon  the  ventral  side  it  then  attracts  the  vertebrae  to  it,  for 
it  is  the  earlier,  thejr  being  formed  around  it.  The  nervous  system  in 
general,  as  well  as  every  individual  nerve,  seeks  the  best  protected 
parts,  therefore,  in  the  Gastrozoa,  as  well  as  in  the  Artkrozoa,  its  main 
stem  lies  at  the  ventral  surface,  that  it  may  conceal  itself  beneath  the 
other  organs.  If,  then,  the  ganglionic  ventral  cord  of  the  Artkrozoa  be 
analogous  to  the  spinal  cord,  or  as  others  prefer  considering  it,  to  the 
dorsal  ganglionic  chain  lying  contiguous  to  the  vertebrae,  which  may  be 
doubted  since  the  discovery  of  a  distinct  nervus  sympatkicus  proceeding 
directly  from  the  brain ;  then  the  encompassing  parts  of  the  skeleton 
will  necessarily  be  analogous  to  those  parts  of  the  skeleton  of  the  ver- 
tebrata,  which  inclose  that  cord.  But  we  prefer  considering  the  ventral 
cord  of  the  Artkrozoa  as  the  true  spinal  cord,  from  its  passing  within 
the  canal  formed  by  the  homy  skeleton,  and  not  contiguously,  as  would 
necessarily  be  the  case  upon  the  adoption  of  its  identity  with  the  dorsal 
ganglionic  chain.  According  to  this  representation,  therefore,  insects 
run  with  their  back  turned  forwards,  or  rather  underwards,  and  what 
is  called  back  in  them  is  the  true  ventral  side.  This  idea  has  been 
long  since  suggested,  and  was  immediately,  like  everything  that  diverges 
from  common  views,  strongly  disputed ;  but  the  proofs  cited  in  opposi- 
tion do  not  appear  tenable,  as  will  be  evinced  by  what  follows  in  sup- 
port of  our  opinion. 

The  situation  of  the  intestines  perfectly  confirms  our  view.  That 
organ  which  lies  most  approximate  to  the  vertebral  column  of  the  ver- 
tebrata  is,  with  the  exception  of  the  vessels  which  are  deficient  in 
insects,  the  oesophagus  and  the  intestinal  canal ;  even  so  in  insects,  it 
lies  immediately  over  the  nervous  cord,  directly  upon  the  inner  horny 
areh  when  it  is  closed,  or  still  between  its  branches.  In  the  vertebrata 
next  to  the  intestinal  canal  proceeding  from  the  back  towards  the  belly 
we  find  the  lungs  and  the  heart  in  the  thorax,  in  the  ventral  cavity  the 
intestine  touches  the  ventral  sur&ce,  in  the  pelvis  the  sexual  organs 
namely^  the  gravid  uterus,  lie  in  front  of  it  We  find  exactly  the  same 
arrangement  in  insects :  the  lungs  are  omitted,  as  they  are  universally 
distributed;  in  the  thorax  proceeding  from  the  back  towards  the  breast 
we  find  the  heart  with  its  large  vessels.  In  the  ventral  cavity,  whither 
the  heart  also  extends,  it  is  likewise  placed  externally,  and  indeed  the 
return  of  die  aorta  to  the  back  is  indicated  in  the  two  main  currents 
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pe«8ing  from  the  bead  and  proceeding  laterally,  incUaing  downwards. 
Thuaalso  in  insects  the  motion  of  the  blood  first  proceeds  forwards  and 
upwards,  and  then  backwards  and  downwards.  The  sexual  organs, 
lastly,  lie  in  front  of  the  intestinal  canal,  therefore  above,  immediately 
beneath  the  heart.  This  situation  is  shown  above  in  the  ovaries ;  in 
their  rudiments  also  in  the  caterpillar  it  was  remarked  that  they  lie 
above  the  intestinal  canal.  The  orifice  only  of  the  sexual  organs  differs, 
as  in  insects  it  lies  beneath  the  anus,  whereas,  ac(^rding  to  analogy,  it 
should  lie  above.  Nature  ajipears  to  have  pursued  a  determinate  object 
in  this  situation,  which  agrees  with  that  found  in  fi^es,  but  which 
could  not  be  subjected  to  the  twisting  of  the  insect  body ;  but  what 
this  object  is  remains  undiscoverable.  This  only  is  evident,  that  the 
genitalia  in  insects  lie  as  much  in  front  of  the  intestinal  canal,  caleu-- 
lating  from  the  spinal  cord,  as  in  the  mammalia  and  other  animals.  A 
second  objection,  besides  that  of  the  altered  situation  of  the  sexual 
aperture,  which  could  be  made  to  this  twisting  of  the  insect's  body* 
might  be  deduced  from  the  situation  of  the  mouth,  which  does  not  lie 
laterally  with  respect  to  the  spinal  cord,  but  upon  it,  like  the  former. 
But  the  twisting  of  the  anterior  half  of  the  head  occasions  this,  and 
that  such  a  twisting  is  actually  the  case  is  proved  by  the  correlative 
situation  of  the  cerebrum  and  cerebellum,  both  of  which,  in  &ct,  do  not 
lie  upon  one  side,  but  upon  the  opposite  sides  of  the  oesophagus,  namely, 
the  cerebrum  above,  on  the  true  ventral  side,  the  cerebellum  beneath, 
towards  the  true  back.  This  wholly  irregular  relation  of  the  parts  can 
only  be  explained  by  a  twisting  of  the  anterior  portion  ef  the  head. 
The  organs  placed  upon  that  part  of  the  head  naturally  participate  in 
it,  and  thus  the  mouth  came  beneath,  whereas  properly  it  should  lie 
above,  were  it  in  harmony  with  the  entire  structure  of  the  insect.  Bat 
how  is  such  a  twisting  consistent  with  the  simplicity  of  the  case  of  the 
head  ?  The  reply  to  this  question  appears  difficult,  but  in  fact  it  is 
not  so  when  we  consider  that  the  head  as  well  as  the  body  consists  of 
vertebra.  Their  number  is  regulated  by  that  of  the  cerebral  ganglia; 
in  the  vertebrata  there  are  three,  namely,  the  cerebellum,  the  posterior 
lobe  of  the  cerebrum,  and  its  anterior  lobe.  This  anterior  lobe,  the 
ganglion  of  smell,  is  deficient  in  insects,  as  they  have  no  particular 
organ  of  smell,  and  consequently  we  find  in  them  only  two  gai^liaj 
namely,  the  ganglion  of  sight  and  the  cerebellum.  Thus  their  skull  is 
divided  into  two  vertebral  arches.  These  are  also  very  distinct  in  the 
head  of  the  larva ;  the  posterior  one,  in  which  the  cerebellum  lies,  is 
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the  largeBt^  and  cooflists  of  the  throat  as  the  i»8e»  and  of  the  iwolaxgei 
Ismples  which  meet  at  the  vortex^  as  the  areh«  Between  -dbein  a 
tii«jigular  j^ece  Ue9  anteriQvly^aiid&bovej.theclypeua>>whieh  haa.^ 
eyes  at  ita  lower  angles^  and  the  ioandiUeB  at  iis  base ;  beneath^  the 
qhin  lies  next  to  the  throaty  which  th«is  oIqms  the  fiecond  archindittatod 
hy  the  olypeus.  Both  together  form  the  second  vertebra ;  it  enlargea 
during  the  metamoiphosiS)  and  thereby  pushes  hack  the  sieh  of  the 
posterior  yertebra*  The  oral  organs  are  attached  to  it>  and  it  contains 
within  it>  the  cerebrami  or  the  ganglion  of  the  eyes.  The  clTpeus  is 
the  body»  or  yeitebra  itseif,  the  bxmnches  of  whichi  or  ardi,  bend 
downwards  to  the  chin ;  the  ohin  itself  is  the  ixpper  pkte  of  the  ver** 
tebral  ring*  or  part  corresponding  with  the  sternum.  The  mandibles 
hang  attached  as  limbs  to  this  vertebra.  The  eyes  also  are  situated 
upon  the  anterior  vertebra^  and  which  indicate  posteriorly  its  limits, 
in  as  much  as  their  homy  external  surface  appear,  as  it  weroi  introdiioed 
in  the  hee  space  between  the  two  vertebrss,  or  rather  have  separated 
them  from  each  other.  Thus,  therefore^  the  optic  nerve  passes  just 
in  the  same  manner  between  the  two  vertebrej  as  the  nerves  of  the 
flpinal  cord  pass  between  the  arches  of  the  vertebiw.  The  posterior  of 
these  vertebral  archesy  m^mely,  that  for  the  cerebellum  ha8>  as  well  as 
the. thoracic  vertebrai>  its  internal  processes,  or  the  second  ring,  whidi 
corresponds  with  the  tnie  vertebral  arches.  It>  therefore^  originates  as 
a  furcate  process  from  the  throat,  and  embraces  the  cerebellum  tvith  its 
branches*  When  these  branches  unite  they,  form  the  tentorium*  or  the 
small  band  which  divides  the  occipital  aperture  into  two  halves.  But 
we  do  not  find  anything  analogous  in  the  iirst  vertebra ;  did  it  exist,  it 
woHld  neeestarily  proceed  from  the  ol3rpeus  or  the  forehead. 

§  258. 

The  opinion^  therefore^  that  the  trunk  of  the  insect  is  fonned  upon 
the  same  type  as  that  of  the  vertebrate  animal  is  thus  cocroborated: 
we  have  exhibited  even  the  same  analogy  in  the  head. .  The  ehaef 
difference  of  the  t\jo  organisations,  however,  consists  in  the  back 
in  the  insect  being  turned  downwards,  but  in  the  viertebrafte  animal 
upwa^eds*  What  Von  Biir*  cites  as  a  proof  in  opposition  to  this 
asaerti<m>  vix^-^that  the  upper  side*  of  insects  is  die  distending  side, 
the. lower  the  bending  side,  and  that>  therefore,  as  in  the  vertebrata,  the 

•     *  Entwlclcaliiiig^getehickto  dar  Thicro,  p.  246. 
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§atmgk  ift  mara.denMdj  ooT«red  with  hair,  and  mem  d^qyly  oolouced 
tfasn  the  laUter-^oea  not  at  all  svftoa }  for,  in  the  tint  |daee,  in  veff 
ttiady  Saaeets»  paiticahirljr  in  the  beetle^  the  under  aide  is  that  whidi 
SMrioes  the  greatest  bow»  «nd>  thereiere,  the  distending  6ide»  and  oftenj  as 
in  the  bees,  is  the  mieBt  densely  hsaredi  and  besides  the  dark^  odoarin^ 
Bs  the  coaseqtxence  of  a  greater  efieot  of  l%ht,  is  no  proof  in  op{iosi* 
tion.  This  is  evineed  by  the  universally  brighter  ooloar  of  the  upper 
side  of  the  abdomen  in  the  beetles,  in  which  the  elytra  <^|»po6e  the 
effect  of  light.  What  also  he  cites  in  opposition  from  the  situalioD  and 
posture  of  the  extremities  is  also  inapplicable ;  for  the  extremities  pro* 
oeed  precisely  from  the  same  side  as  they  do  in  the  yertehrataj  namelyi 
from  the  dorsal  side.  In  all  the  vertebrate  the  extremities  are  attached 
to  partiealar  bones  which  stand  in  connexion  with  the  vertebral  column. 
These  bones  are,  for  the  anterior  extremity,  the  soapulas,  and  for 
the  posterior  one  the  ilium,  of  the  pelvis.  We  refiad  these  portions 
of  the  skeleton  abo  in  the  Arthrassoa,  at  least  in  the  most  perfect  among 
them,  namely,  the  beetles ;  but  they  do  not  lie  snperfioially  attached 
to  the  Teitebrse  and  its  arches,  but  as  external  cases  they  are  con- 
nected  with  the  ring  which  is  formed  by  the  yertebra  and  its  proceaaes, 
And  necessarily  at  the  spot  where  they  properly  beloi^,  namelyi  between 
the  yertebra  and  the  sternum.  This  approximation  of  the  shonlder- 
plate  to  the  vertebral  column  is  very  distinct  in  the  anterior  extremity 
of  the  vertebrate,  it  descending  closely  contiguous  to  the  vertebite ;  in 
the  posterior  extremity,  however,  where  the  ribs  are  wanting,  it  is 
even  traced,  in  as  for  as  liere  the  ilium  borders  immediately  upon  the 
vertebral  column,  and  when  the  sternum  here,  the  os  pubis  is  wanting, 
it  presents  itself  as  an  arohed  process,  upon  the  vertebral  series  of  the 
pelvis.  The  same  is  the  case  in  insects;  here  also  the  ribs  are  compressed, 
and  the  scapulae  take  their  place.  We,  therefore!  obtain  in  insects  both 
a  shonlder«-blade  and  a  pelval  piece ;  the  first  is  also  the  plate,  called 
by  tn  the  scapnla,  the  latter  our  paraplenra,  the  ischium  of  Strans, 
which^  properly,  shoold  be  called  the  ilium.  The  most  distinct  proof 
that  these  pieces  merit  their  names  is  the  foct  that  the  muscles  which 
move  the  thighs,  namely,  its  flexor,  thence  proceed,  and  that  conse- 
quently the  femur  is  attached  to  these  pieces.  In  the  anterior  legs  it 
is  the  omia  which  correspond  with  them  in  situation  and  fanetion 
Analogous  to  the  dorsal  and  ventral  plates  these  three  pktes  might 
therefore,  be  called  the  promium,  mesomium,  and  metomium,  whereas 
the  dorsal  plates  should  now  be  called  pro-,  meso-,  and  mctasteruum 
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Mid  the  yeiitral  plates,  pro-«  meso-,  and  nKtanotimi.  Bat  vlijr  do  the 
thighs  artienlate  with  the  vatebra  itaelfp-^why  not  with  the  ahonldef* 
blade,  as  it  is  present  f  These  qoeatioiu  could  be  snggested  aalj  bj  a 
superficial  observer,  mth  reference  to  the  posterior  femur,  lor  iqMu 
the  anterior  and  intermediate  paira  the  shoulder-blade  actually  forms  a 
portion  of  the  articulating  socket*.  The  posterior  femur  also^  or 
rather  its  ball,  which  is  usually  called  the  hip,  joins  the  parapieura 
above,  and  this  forms  a  portion  of  the  articulating  socket  f.  Likewise 
in  the  downward  bent  margin  of  the  parapieura  the  small  articulating 
socket  is  formed  for  the  round  ball  of  the  top  of  the  femur  n^ch 
revolves  in  the  large  hip  socket.  Lastly,  the  aperture  through  which 
the  muscles  of  motion  pass  into  the  thorax  is  always  found  between 
the  pleura  and  the  sternum,  and  is  partly  encompassed  by  the  former 
and  partly  by  the  latter. 

Thus  the  composition  of  the  insect  body  and  the  analogy  of  its 
individual  plates  with  the  bones  found  in  the  vertebrata,  is  fully  proved, 
and  we  obtain  as  the  result  that 

The  head  consists  of  two  vertebrae,  the  one  of  which  is  twisted  in 
opposition  to  the  other  {. 

The  thorax  consists  of  three  vertebral  rings,  each  of  ^ich  is  sub- 
divided into  the  true  vertebra,  the  shoulder-blades  and  a  sternum. 

The  abdomen  consists  of  nine  vertebrs,  each  of  which  again  consists 
of  the  true  vertebra  and  its  arch,  which  are  either  the  analogies  of 
the  ribs  or  frequently  merely  represent  the  transverse  processes  of  the 
vertebra  and  the  ventral  sternum,  the  homy  ventral  covering.  The 
last  of  these  vertebral  rings,  namely,  the  anal  and  sexual  vertebra,  is 
alto  twisted,  so  that  the  vertebra  with  the  anus  lies  above,  and  the 
ventral  plates  with  the  sexual  apertures  lie  beneath.  These  abdominal 
vertebrae  have  no  internal  processes ;  they  retain  their  original  most 
simple  larva  form,  and  generally  present  themselves  as  simple  but 
more  frequently  halved  rings.  In  some  cases,  for  instance,  in  the 
locusts^  from  the  lateral  parts  of  the  half  ring  other  free  moveable  half 
arches  project  into  the  cavity  of  the  abdomen,  which  both  in  situation 

•  See  PI.  IX.  No.  2.  t  2.,  No.  3.  f.  5.;  PL  X.  No.  1.  f.  6.,  No.  3.  f.  5. 

t  PI.  IX.  No.  3.  £  6. 

X  Thii  composition  of  the  head  from  two  Tertebn  or  rings  ii  confirmed  bj  Ratzeboi^g'B 
obflcnrations  upon  the  development  of  the  larva  of  the  HymenopUra,  See  Dantellong 
und  Beadiieibiing  der  Anneithiere,  vol.  ii.  p.  175,  PI.  23,  f.  47 — 50  and  f.  88 — dl^ 
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aad  function  perfectly  agree  with  the  ribs.    Bst  I  hvre  ntwr  ken 
abla  to  find  a  seoMid  series  of  vertebnd  arches  finr  the  nerrom  oenL 

$  259. 

We  must  now  proceed  to  the  comparison  and  explanation  of  the 
limbs.  We  have  shown  above  that  the  wings  are  no  limbs,  but  gills 
(§243).  For  the  completion  of  this  uniformity^  which  is  already 
exhibited  by  their  structure  from  two  external  membranous  layers  and 
the  currents  of  blood  distributed  between  them,  we  have  only  to  show 
that  these  gills  lie  precisely  where  when  present  the  gills  are  always 
found.  If  we,  therefore,  commence  with  the  superior  groups,  we  shall 
find  that  in  them  the  branchial  apertures  lie  at  the  anterior  part  of  the 
neck,  and,  consequently,  upon  the  ventral  side.  In  some  amphibia^ 
namely,  the  Batrachians,  they  are  found  exactly  at  the  same  spot. 
The  same  in  the  fishes.  In  these  they  are  protected  additionallj  bj 
means  of  a  bony  covering  which  opens  posteriorly  and  beneath,  and 
therefore  towards  the  venter.  In  the  MoUusca,  the  branchiae  lie  mofct 
or  less  upon  the  back,  as  it  is  called,  but  their  back  is  nothing  else  than 
the  true  belly,  from  the  very  same  reason,  that  in  them  also  the  main 
nervous  mass  takes  its  course  along  the  so  called  ventral  disc. 

We  thus  obtain  this  general  law  for  the  situation  of  the  branchic, 
viz.  that  they  are  placed  laterally,  but  inclining  to  the  venter,  and 
thence  descend  to  the  venter.  The  wings  have  the  same  position;  they 
originate  between  the  scapula  and  sternum,  consequently  upon  the 
external  side  of  the  body,  and  thence  descend  to  the  ventral  side.  In 
those  insects  furnished  with  gills,  they  also  lie  at  the  same  part ;  they 
always  originate  at  the  side  where  the  main  stems  of  the  traches  lie, 
and  thence  rise  upwards,  either  wholly  so  or  partially  inclining  back- 
wards, as  in  the  larvse  of  the  Ephemera  and  Phryganeae.  As  lon^  as 
the  insect  dwells  in  the  water,  its  rudimental  wings  are  true  water  gills> 
but  so  soon  as  it  has  quitted  the  water,  they  transform  themselves  into 
air  gills,  for  in  both  cases  fluids  circulate  in  their  vessels,  which, 
doubtlessly,  receive  oxygen  from  the  air.  The  beetles  exhibit  the  most 
perfect  conformity,  for  in  the  entire  hardening  of  their  body  the  wings 
also  have  become  homy,  and  now  supplant  the  place  of  gill  covers. 
The  Orihoplera  approximate  to  this  structure  by  their  pergamentaceons 
superior  wings,  but  many  Hemipiera  approach  still  closer,  for  in  them 
half  the  wing  is  horny.  Thence  we  must  remove  the  wings  from  the 
category  of  linfibs,  they  being  merely  gills  which  are  occasionally  moved 
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in  the  m,  just  at  the  gilk  are  itic^ssantly  aiov^d  in  the  'water ;  the 
insect,  thenfor^  iue»  them  for  flight,  as  the  former  are  used  by  larval 
for  swimming.  The  endeavour  of  some  naturalists  to  see  arms  in  the 
wings,  and  to  indicate  in  their  ribs  the  arm-bpnes  with  their  joints  and 
inflexions,  cannot  therefore  be  justified.  The  wings  present  me  with 
no  other  resemblance  to  limbs  than  that  they  move  and  assist  the  pro- 
gression of  the  creature.  If  this- be  the  sole  character  of  the  arm  or  of 
the  leg,  I  will  then  admit  that  they  are  either  arms  or  legs,  but,  other- 
wise, certainly  not. 

§  260 

But  there  is  less  doubt  of  the  legs  being  analogous  to  the  extremities  ; 
indeed,  they  have  always  been  considered  as  such,  and  the  entire  leg 
as  well  as  its  individual  joints  have  been  thence  named.  The  6rst 
question  that  suggests  itself  is — Are  the  legs  forms  truly  analogous  to 
the  arms  and  legs  of  the  vertebrata  ?  To  this  we  may  safely  reply  in 
the  affirmative,  for  these  limbs  are  similarly  situated,  and  often  consist 
of  just  as  many,  and  sometimes,  indeed,  of  more  divisions.  The  similarity 
of  situation  is  shown  above,  where  we  have  treated  of  the  scapulee  of 
the  vertebra  representing  the  true  scapula; ;  we  have  there  seen  that 
the  legs  hang  attached  to  a  distinct  plate  between  the  vertebra  and  the 
sternum,  which  corresponds  with  the  scapula  or  the  ilium  of  the  pelvis, 
and  that  it  is  from  this  plate  that  the  majority  of  muscles  come,  positive 
facts  which  prove  an  important  analogy. 

With  respect  to  the  division  of  the  limbs,  we  always  find  in  insects 
at  least  five  but  never  more  than  nine  joints ;  of  these,  the  first  and 
third,  with  the  smallest  second,  form  a  joint  articulating  upwards ;  the 
fourth  with  the  third  one  articulating  downwards ;  the  fifth  with  the 
fourth  one  again  articulating  outwards ;  the  following  joints,  lastly,  sit 
where  they  present  themselves  upon  the  fifth,  and  taJce  a  straight 
direction,  and  also  participate  in  its  motion,  yet  the  entire  foot  can 
bend  downwards  and  again  distend  itself.  A  perfect  conformity  with 
the  anterior  limbs  of  the  superior  animals  has  been  supposed  to  be 
found  in  these  articulations.  It  has  been  endeavoured  to  explain  the 
first  joint,  the  coxa  of  entomologists,  as  the  humerus;  the  second 
smallest,  as  the  separated  olecranon,  the  analogue  of  the  patella ;  and 
the  third,  the  femur  of  entomologists,  as  the  antibrachium ;  the  fourth 
joint,  the  tibia  of  entomologists,  would  then  be  tlie  carpus ;  the  $fth, 
the  metacarpus ;  and  the  subsequent  ones,  the  joints  of  the  toes  or 
phalanges.     This  explanation  becomes  absolutely  necessary,  if  the  legs 
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of  iojBects  be  considered  the  analogues  of  the  anterior  limbs ;  but  I 
prefer  considering  them  as  the  posterior  limbs>  and^  indeed,  because 
those  are  the  least  perfect^  not  only  in  structure,  but  also  in  function. 
Where»  therefore,  true  limbs  first  present  themselves,  there  must  they 
be  considered  as  the  inferior  ones  or  legs.  Both,  however,  the  arm  and 
the  leg  differ  from  each  other  in  the  angles  of  their  joints,  being  opposed 
so  that  the  angle  which  in  the  anterior  extremities  open  outwards,  on 
the  posterior  ones  open  posteriorly.  But  these  differences  are  not  found 
in  the  extremities  of  insects;  the  anterior  ones  are  merely  distinguished 
from  the  posterior  ones  by  their  situation,  for  their  corresponding  angles 
all  open  upon  one  side.  Hence,  therefore,  the  hip  is  not  the  thigh,  but 
the  hip,  and  the  trochanter  and  femur  form  conjunctively  the  thigh. 
The  hip  is  the  head  of  the  femur,  the  trochanter  its  neck,  and  the  femur 
its  tubular  body.  This  division  of  the  femur  into  three  parts  is  occa- 
sioned by  the  feet  being  in  insects  so  placed,  that  they  proceed  as  it 
were  from  the  lower  end,  and  direct  themselves  upwards,  in  which 
direction  they  possess  considerable  power  of  motion,  which  was  only  to 
be  attained  by  this  mode  of  articulation.  If  in  solitary  cases  more 
mobility  is  required,  the  trochanter  must  be  divided  into  several  pieces, 
and  this  is  exemplified  in  the  genus  Pimpla  (§  83.  2.}.  If,  however, 
it  be  the  elbow  or  ofecranon,  in  this  instance  we  must  adopt  the  exist- 
ence of  two  successive  patelle,  for  which  there  is  no  analogy ;  but  if  a 
division  of  the  thigh  into  three  parts  may  be  Imagined,  it  is  still  more 
possible  to  conceive  its  subdivision  into  four.  If  now  the  coxa, 
trochanter,  and  femur  be  the  subdivided  superior  thigh  (fanur)y  the 
tibia  must  necessarily  be  the  lower  thigh  (tibia).  The  angles  of  both 
joints  fiilly  harmonise  with  this  view,  in  as  far  as  they  always  open 
either  posteriorly  or  inferiorly.  The  first  large  joint  of  the  tarsus  then 
indicates  the  metatarsus,  as  the  basal  bones  are  wanting,  and  the 
following  are  then  the  phalanges.  They  vary  considerably  in  number ; 
sometimes  they  are  entirely  wanting,  but  never  more  than  four  exist. 

If  after  this  explanation,  which  must  still  appear  forced,  from  the 
deficiency  of  the  basal  bones  of  the  foot,  we  look  around  us  for  an 
Hoalqgy  in  the  higher  animals,  we  find  the  most  perfect  conformity  in 
ih&  structure  of  the  foot  in  birds.  In  these,  also,  the  basal  bones  of 
the.  &ot  are  deficient,  and  in  them,  also,  there  is  a  variation  in  the 
number  (from  one  to  four)  of  their  phalanges.  This  variation  is  found 
in  every  individual  bird,  in  as  far  as  each  of  its  four  toes,  commencing 
inwardly,  increase  one  joint,  so  that  the  innermost,  generally  the 
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posterior  one^  has  one  joint,  and  the  three  anterior  ones^  in  regular 
rotation^  two,  three^  and  four  joints.  In  insects,  on  the  contrary,  thit 
variation  is  distributed  throughout  the  whole  order,  so  that  their  one 
toe  of  each  foot  exhibits  either  one^  two,  three,  or  four  joints :  it  is  more 
unusual  for  some  toes  to  have  three  and  others  four  joints^  as  is  the 
case  among  the  beetles,  for  instance,  in  the  Heieromera, 

It  is  hoped  that  no  one,  after  this  comparative  view,  will  take 
objection  to  the  explanation  of  the  leg  joints ;  he  will  but  find  a  con- 
formity of  insects  with  birds,  to  which,  in  the  course  of  our  treatise, 
we  have  frequently  referred,  and  he  must  therefore  be  necessarily 
convinced  of  the  correctness  of  what  we  have  advanced.  Birds  are  in 
every  respect  concentrated  insects,  and  insects  birds  deprived  of  their 
internal  skeleton. 


FOURTH  CHAPTER. 

OF    MUSCULAR   MOTION, 


§261. 

The  collective  motions  of  animals  are  produced  by  a  distinct  system 
of  organs,  which  we  call  muscles.  With  respect  to  the  structure  and 
arrangement  of  these  organs  in  insects,  we  have  already  stated  all  that 
was  requisite  in  the  third  chapter  of  the  preceding  division ;  we  conse- 
quently consider  as  known  both  the  structure  of  the  entire  apparatus 
of  motion  as  also  of  its  individual  parts,  and  proceed  at  once  to  the 
consideration  of  their  functions. 

We  obtain  as  the  first  and  chief  difference  in  motions  their  subdivision 
into  voluntary  and  spontaneous. 

Under  the  spontaneous  motions  we  consider  all  those  which  are  not 
subject  to  the  influence  of  the  will,  and  which  take  place  in  the  insect, 
from  the  commencement  of  its  life  to  its  death,  precisely  in  the  same 
manner,  and  which  can  never  be  wholly  or  for  any  long  period  inter- 
rupted, so  long  as  life  is  to  proceed  uninterruptedly.  We  know,  from 
what  has  preceded,  that  all  these  organs  are  encompassed  by  a  peculiar 
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muscular  layer,  which,  by  means  of  compression  and  distension,  produce 
a  certaisi  change  in  the  compass  of  the  vegetative  organs,  which  partly 
contracts  them  and  partly  allows  them  to  relapse  to  their  former  com- 
pass, and  that  it  is  only  in  consequence  of  this  motion  that  the  functions 
of  every  individual  part  and  organ  can  proceed  uninterruptedly.  These 
motions  are  especially  visible  in  the  several  parts  of  the  nutritive 
system,  where  they  present  themselves  as  the  peristaltic  motion  of  the 
intestinal  canal,  as  the  respiratory  motion  of  the  trachesBy  and,  lastly, 
as  the  pulsations  of  the  heart.  Ail  these  motions  have  been  described 
sufficiently  in  detail  in  a  former  chapter,  where  we  have  spoken  of  the 
functions  of  the  nutrimental  system,  and  where  yre  discerned  in  them 
the  true  cause  of  the  entire  process  of  nutrition,  whidi  commences  with 
the  reception  of  the  food.  The  motions  of  the  sexual  organs  are  less 
apparent,  as  they  become  visible  only  at  certain  periods.  Yet  in  the 
male  sex  there  appears  to  be,  from  the  moment  of  puberty,  an  undis- 
turbed production  of  semen.  This  semen,  by  means  of  a  motion  not 
dissimilar  to  the  peristaltic  motion  of  the  intestine,  arrives  in  the  vesica 
seminalis,  whence  it  passes  during  copulation  into  the  female  organs. 
After  this  act  tlie  activity  of  the  female  organs  commences,  which 
exhibits  itself  as  a  peristaltic  mokicm,  both  in  the  egg-tube  and  in  the 
oviduct,  and  where  it  terminates  in  the  production  of  the  collective 
egg  germs. 

Upon  surveying  the  common  expression  of  all  these  motions,  we 
recognise  nothing  further  in  them  than  a  spontaneous  re-action  on  the 
part  of  the  organism  to  external  irritation  at  least,  external  in  reference 
to  the  organ  which  is  moved.  This  irritation  consists  in  the  food,  for 
the  intestinal  canal,  the  atmospheric  air  fur  the  trachefle,  the  blood 
for  the  heart,  the  semen  secreted  by  the  testes  for  the  male  organs, 
and  for  the  female  organs  the  male  semen  also  which  is  conveyed  into 
them. 

§  262. 

The  stimulus,  however,  which  determines  the  action  of  the  voluntary 
muscles  is  the  will  only  of  the  creature  ;  the  insect  has  but  to  will,  and 
in  the  same  moment  its  legs  are  in  motion,  and  it  flaps  its  wings  And 
hastens  away.  The  common  property  of  both,  therefore,  consists  in 
their  requiring  a  medium  of  irritation,  the  differences  we  find  in  the 
phenomena  are  that  this  excitement  for  the  involuntary  muscles  is 
physical  and  corporeal,  and  that  for  the  voluntary  is  spiritual.    Both 


THE   MBTAflMMlPHOBIS.  44? 

deflcriptions  of  muBcles,  bowevar^  may  be  affected  in  the  same  manner 
hj  one  and  the  same  exdteinent,  for  ekc^city  effects  botha  oontiaction 
of  the  heart  and  the  same  phenomena  in  the  moacles  of  the  limbs.     - 

The  first  thing  we  peroeiTe  in  the  activity  of  any  determinate  muscki 
is  a  contraction  of  itself.  By  means  of  this  contraction  its  oompesa 
enlarges^  its  texture  feels  more  compact  and  firmer^  and  the  entire 
mosde  is  in  a  state  of  excitement.  How  this  ^loitement  is  prodnced 
we  know  not,  but  thus  much  is  ascertained,  that  the  nenres  exercise 
great  influence  upon  the  motions  of  the  muscles.  Bat  the  nature  of 
this  inBuence  we  must  leare  undetermined  whether,  ■  as  some  physiolo* 
gists  suppose,  generation  produces  the  necessary  power  for  acting  upon 
the  muscles,  or  whether,  with  others,  it  be  to  be  considered  as  merely 
the  conductor  of  the  excitement  from  its  point  of  production  to  the 
muscle.  We  are  most  fully  convinced  of  the  importance  of  the  influence 
which  the  nerves  exercise  upon  the  motion  of  the  mosdes  when  galvanic 
electricity  is  applied  to  a  nerve  and  a  muscle  standing  in  connexion 
with  it,  or  upon  its  application  to  the  former  alone.  Alexander  von 
Hnmboldt,  whose  great  genius  first  announced  itself  in  a  surprising 
manner  in  the  illustration  of  this  difficult  and  then  insufficiently^-* 
laboured  field  of  physiology,  has  supplied  us  with  some  interesting 
observations,  even  in  reference  to  insects*.  He  saw  animated  con« 
tractions  in  the  limbs  when  the  nerves  passing  to  them  were  touched 
by  the  poles  of  a  voltaic  pile,  re-actions  which  continued  finr  a  space  of 
twenty  minutes,  and  which  admitted  of  being  prolonged  three  times 
that  space  upon  the  nerves  being  artificially  prepared  with  alkalis  and 
oxidised  muriatic  acid.  He  also  observed  in  the  th%h  of  a  BUdta 
<ir%entalUi  touched  with  gold  and  zinc,  from  two  to  three  successive 
shocks ;  indeed  '^  the  thigh  raised  itself  up,  and  held  itself  some 
seconds  trembling  in  the  air."  He  further  remarks :  "  Upon  galvanising 
the  spinal  marrow  of  a  Blatta  orientalis  with  silver  and  well-burnt 
carbon,  I  observed  its  posterior  portion  move  to  and  fro  and  press  with 
its  feet."  Even  in  the  body  of  a  Vespa  crabro,  the  head  of  which 
had  been  cut  off  fourteen  hours  before,  the  same  admirable  observer  saw 
the  limbs  tremble  upon  the  application  of  the  metallic  stimulus. 

This  trembling  of  the  limbs  after  the  effect  of  galvanic  electricity 
speaks  also  in  favour  of  an  oscillation  of  the  muscular  fibres  in  insects  as 
well  HB  i)^  %he  superior  animals.     This  oscillation  was  formerly  denied 

*.  Ueber  dio  gereizte  Muakel-und  Nervenfascir.   Berlin,  1797.  8vo.  vol.  1,  p  273. 
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iR  insects,  and  its  deficiency  explained  from  the  imperfection  of  their 
nerrons  system.  But  the  muscular  and  nervous  system  of  insects  is  as 
perfect  as  that  of  the  Cephalopoda,  and  there  can  be  no  objection  to 
admit  it  in  the  former,  since  it  has  been  proved  to  exist  in  the  latter  *. 
We  undertand  in  this  oscillation  an  undulating  motion  of  the  fibre8» 
which  is  seen  together  with  the  contraction,  and  which,  for  instance, 
exhibits  itself  in  partially  pressed  muscles,  as  a  trembling  motion  which 
frequently  seises  the  entire  limb.  The  incessant  vibrating  motion  in 
many  parts  of  the  body  of  many  insects,  for  instance,  the  motion  of  the 
antennae  in  the  Ickneumonodea,  the  trembling  of  the  wings  in  repose, 
the  palpitation  of  the  extremities  of  the  feet  in  Chironomus,  &c., 
appear  to  be  less  the  result  of  voluntary  muscular  motion  than  of  the 
oscillation  peculiar  to  all  perfect  muscular  substance. 

§  263. 

This  muscular  activity  is  therefore  the  foundation  of  all  the  motions 
exercised  by  insects.  These  motions  may  be  referred  to  four  principal 
kinds,  namely,  walking,  jumping,  swimming,  and  flying.  But  few 
insects  are  restricted  to  the  first  and  most  simple  of  these  motions,  the 
majority  possess  the  power  of  flight  in  addition ;  some  can  only  walk 
and  leap,  as  the  flea ;  some  can  walk,  leap,  and  fly,  as  the  grasshopper; 
many  can  walk,  fly,  and  swim  ;  whereas  there  are  none  which  possess 
the  power  of  swimming  and  flying  in  conjunction.  Many  larvc  can 
only  walk  and  swim,  others  creep  and  swim  ;  no  perfect  insect,  how- 
ever, possesses  the  last  mode  of  motion  exclusively. 

If  we  now  investigate  the  first,  most  simple,  and  most  universally 
distributed  of  these  modes  of  progression,  walking,  this  also  may  be 
subdivided  into  several  kinds,  from  the  structure  of  the  motive  appa- 
ratus. The  first,  and  most  simple,  which  is  the  progression  of  maggots, 
without  the  help  of  feet,  and  is  properly  merely  an  advance  upon  the 
ventral  surfiice,  is  a  sort  of  slow  creeping.  The  maggot  thus  progresses 
by  means  of  the  longitudinal  contraction  of  its  body,  whereby  the 
distended  and,  as  it  were,  swollen  head  is  pushed  onwards,  this  then 
affixes  itself  by  means  of  the  lower  and  strongly  projecting  ventral 
aur£soe  of  the  first  abdominal  segment,  which  appears  to  act  something 
like  a  sucking  cup,  and  then  draws  the  body  as  far  as  possible  after  it. 
The  posterior  extremity,  which  in  general  is  furnished  with  distinctly 

*  K.  A.  Rttdolphi  Oruodrin  der  Phynologie,  vol.  U.  ptrt  i.  p.  290,  294. 
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jirqjectuig  pedal  waxts^  thea  likewise  attaches  itself*  and  thus  tlwt  body 
pushes  itself  ^rwaid  by,  gri^dual  oontraction  of  idl  the  segmentSy  wUdi 
begins  behind.  The  altemsting  attachment  of  the  anterior  and  pos* 
terior  ends  is  repeated  as  long  as  the  maggot  is  in  motion.  We  find 
this  mode  of  progression  in  all  the  apodal  lary»  of  the  Dipieroj  and 
they  accomplish  it  better  upon  uneven,  rough  suriJEUses  i  upon  a  smooth 
surface  their  progress  is  imperfect*  and  then  frequently  the  short  pedal 
warts  refuse  their  office.  Some  of  the  larvae  of  the  Dipiera^  whose 
pedal  warts,  as  well  as  occasionally  the  entire  body,  are  covered  with 
short  homy  spines  <«*  bristles*  can  perform  this  creeping,  motion  m<we 
quickly  and  securely*  but  the  mechanism  is  just  the  same-  As  an 
instance  of  the  first  kind  of  creeping  we  may  cite  the  larva  of  the  blue* 
flesh  fly  {Musca  vomiloria,  PI.  I.  £1 25.)  ;  and*  as  the  representative  of 
the  second^  the  rat-tailed  fly,  the  larva  of  Erisialis  ienax  (PI.  I.  f.  32.). 

The  motion  of  larvae  with  thoracic  feet  and  one  or  two  pairs  of  anal 
prolegs  (the  geometer  caterpillan*  PL  I.  f.  35.)  next  follows*  In  them 
the  step-Jike  advance  is  more  distinctly  perfcmned  by  means  of  the  at^ 
tachment  of  the  first  and  last  abdominal  segments.  The  whole  of  the 
middle  of  the  body  bows  itself  into  an  acute  arch*  so  that  thereby  the 
anterior  and  posterior  feet  are  brought  closely  together ;  the  pqeterior 
feet  then  remain  affix^,  but  the  anterior  ones  are  so  far  pushed  for- 
ward with  the  extended  body  until  it  lies  parallel  to  the  sorfisoe ;  they 
then  also  affix  themselves*  and  draw  the  posterior  ones  after  them  by 
the  arching  of  the  body. 

The  motion  of  the  caterpillars  furnished  with  thoracic,  ventral,  and 
anal  legs  is  indeed  the  same*  but  it  so  fiear  differs  that  all  the  segments 
possessing  legs  participate  in  the  attachment.  This  attachment  is  now 
no  longer  from  behind  fwwards*  but,  after  the  pairs  of  thoracic  feet  have 
advanced  and  affixed  themselves,  the  ventral  feet  follow  in  succession* 
until  the  last  pair*  or  the  anal  prol^,  move  forward  whilst  the  ventral 
feet  still  farther  advance.  Thus  the  whole  body  is  producing  a  con- 
stant  undulating,  motion  as  the  raising  and  attachment  of  the  oonse* 
cative  series  advance  in  r^;ular  progression. 

Lastly,  the  walk  of  six-legged  larvn  very  much  resembles  that  of  the 
perfect  insect.  In  both,  one  of  the  anterior  1^,  generally  the  ri^t 
one*  makes  a  step  which  is  followed  almost  simultaneously  by  the  left 
anterior  leg  and  right  intermediate  one.  Whilst  now  the  right  anterior 
leg  is  making  another  step  the  left  intermediate  and  right  posterior 
ones  make  the  same  movement*  and  thus  support  it ;  whereas  the  left 
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posterior  leg  makes  a  simultaneous  movement  with  the  left  anterior  and 
right  intermediate.  This  contemporaneous  motion  of  the  several  legs 
does  not  generally  take  place  so  exactly  syndironally,  but  rapidly  in 
succession,  so  that  all  the  legs  of  each  side  are  occupied  in  a  constantly 
progressive  advance.  The  anterior  and  posterior  legs  appear  to  take  the 
greatest  share  in  this  advance,  and  the  intermediate  ones  seem  only 
to  support  them.  Thus,  the  anterior  and  posterior  legs  of  one  side  and 
the  intermediate  of  the  opposite  side  appear  to  progress  together.  But 
this  successive  motion  is  distinctly  visible  only  in  insects  walking 
slowly^  but,  when  running,  the  interval  of  time  is  so  short  between  the 
movements  of  each  individually  that  the  contemporaneous  motion  of 
different  legs  is  scarcely  perceptible^  and  we  can  only  discern  an  alter- 
nating advance  and  remaining  behind  of  tlie  two  legs  of  one  pair  as 
well  as  the  rapidly  successive  advancing  motion  of  all  the  legs  of  one 
side. 

In  this  motion  of  the  entire  leg  every  joint,  each  in  its  particular 
manner^  participates,  so  that  the  hips  revolve  upon  their  axis,  the  femur 
approaches  to  it,  and  the  angle  between  the  femur  and  tibia  becomes 
more  acute  when  the  leg  bends,  whereas  all  lie  more  in  a  line  when  the 
leg  is  extended.  The  anterior  legs,  however,  bend  in  an  opposite  direc- 
tion to  the  rest,  for  they  are  extended  when  they  advance ;  the  others, 
on  the  contrary,  upon  the  same  movement  are  bent,  whereas,  if  the 
posterior  ones  extend  themselves,  the  anterior  pair  must  necessarily 
bend.  Hence  arises  the  differences  in  the  insertion  of  the  muscles  in 
the  hips.  The  chief  object  in  the  anterior  pair,  namely,  is  the  advanc- 
ing motion  and  clinging,  but  iu  the  posterior  pair  it  is  a  pushing 
forward,  which  is  attained  by  means  of  extension.  Thence  the  anterior 
and  posterior  legs  have  more  extensors  than  flexors  (at  least  in  Afe/o- 
iontha,  see  §  179)  ',  whereas  the  intermediate  participate  chiefly  in  the 
advancing  motion  of  the  anterior  legs  of  the  opposite  side,  and  have 
consequently  more  flexors  than  extensors :  an  advance  forwards  is  espe- 
cially prescribed  to  them,  we  therefore  find  their  flexile  apparatus  more 
developed  than  the  extensional. 

§  264. 

Leaping,  also,  is  in  general  effected  by  means  of  the  legs ;  but,  as 
exceptions,  we  find  peculiar  organs  and  apparatus  adapted  for  the 
purpose. 

When  the  legs  leap  it  is  again  the  posterior  ones  which  produce  the 


OF   MUSCULAR   MOTION.  451 

chief  motion,  and  they  are  then  therefore  altogether  liirger,  and  also 
some  of  their  joints  are  more  fully  derehqped.  This  development  chiefly 
affects  the  thigh ;  it  is  not  only  longer  than  in  the  anterior  legs  but  also 
much  thicker,  particularly  at  its  lower  end  when  it  is  very  long,  or  in 
the  middle  when  it  but  little  exceeds  the  rest  in  length.  In  the  first 
case  it  is  obclavate,  and  in  the  last  it  is  either  ovate  or  conical.  When, 
therefore,  a  leap  is  to  be  made,  the  posterior  leg  bends  at  its  knee  joint 
as  much  as  possible;  usually  the  femur  and  tibia  then  touch  each  other. 
The  tarsus  is  also  so  much  bent  back  that  its  superior  surface  touches 
the  tibia,  but  the  entire'  femur  is  so  depressed  that  its  axis  is  parallel 
to  the  surface  upon  which  the  insect  rests.  In  this  position,  with  its 
anterior  legs  somewhat  withdrawn,  the  insect  stops  for  some  seconds, 
as  it  were  to  collect  itself,  when  it  distends  all  and  chiefly  the  posterior 
legs  with  considerable  force  and  rapidity,  and  by  means  of  which  it 
throws  itself  from  the  surface.  We  therefore  perceive  that  it  is  chiefly 
the  extensors  which  produce  the  leap ;  they  are  consequently  through- 
out the  whole  posterior  1^,  and  particularly  the  thigh,  the  strongest 
and  largest,  whence  it  is  also  that  the  greater  convexity  of  the  thigh 
is  always  above,  and  not  beneath. 

The  line  described  by  the  insect  in  its  leap,  if,  for  instance,  when 
winged  it  should  not  expand  its  wings,  and  by  their  action  supporting 
the  leap  continue  it  by  flight,  is  that  of  all  projectiles,  namely,  para- 
bolic, which  is  explained  by  the  gradually  increasing  gravity  of  the  body, 
and  in  consequence  its  decreasing  power  of  flight.  But  the  extent  of 
the  leap  depends  partly  upon  the  force  with  which  it  is  made  and 
partly  upon  the^  size  of  the  body,  but  particularly  upon  the  latter,  so 
that  we  may  consider  as  a  law  that  the  larger  the  body  of  the  leaping 
insect  the  less  is  the  extent  of  its  leap,  and  the  flatter  is  the  parabolic 
line.  Both,  however,  depend  upon  the  flexure  and  correlative  position 
of  the  femur  and  tibia,  so  that  the  smaller  the  bend  the  shorter  and 
flatter  is  the  leap.  Thus  every  insect  regulates  both  the  direction  and 
height  of  its  leap  by  the  position  of  its  feet  and  the  force  of  their 
extension. 

The  power  of  leaping  in  insects,  from  the  lightness  of  their  bodies, 
and  the  relative  strength  and  size  of  their  muscles  in  general,  is  consi- 
derable, and  doubtlessly  greater  than  in  any  other  animals.  No 
mammal  can  leap  proportionately  so  high  and  far  as  the  flea,  which  of 
all  insects  possesses  this  power  most  strongly  developed,  for  in  one  leap 
it  will  spring  a  height  exceeding  two  hundred  times  the  length  of  its 
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body.  The  following  genera  of  minute  Coleoptera^  Hymenoptera^  and 
Hemiptera  class  themselves  with  it  in  this  power  of  leaping,  and  we 
place  them  in  the  order  of  the  progressive  decrease  of  the  function  ;  for 
instance,  Hallica,  Orchestes,  Eupelmus,  Ckalcis,  and  other  Piero- 
malidcs,  Jassus,  Aphrophora,  Chermes,  Livia,  &c.  The  larger  Cicada, 
grasshoppers,  and  locusts  do  not  leap  so  well.  We  also  find  a  few 
minute  Dipt  era  possessing  this  power;  for  instance^  many  species  of 
the  genera  Ceratopagon  and  Tachydromia,  in  the  first  the  males  espe- 
cially, but  in  general  their  activity  is  but  small,  which  is  probably 
occasioned  by  their  softer  integuments,  whence  the  contraction  of  the 
muscles  is  much  less,  but  which  also  may  be  partly  ascribed  to  the  less 
perfect  development  of  the  muscles  themselves. 

The  two  families  of  insects  in  which  we  detect  peculiar  organs  for 
leaping  are  the  Elaters  and  the  spring-tails  {Podura,  Smynlhurus,  &c.) 
In  Elater,  the  articulation  of  the  pro-  and  meso-thorax  gives  them 
the  power  of  leaping,  but  it  can  only  be  accomplished  when  the  insect 
lies  upon  its  back,  whence,  should  it  by  any  accident  be  placed  in  this 
position,  it  could  not  readily  recover  itself,  owing  to  its  short  legs  and 
flat  back ;  nature  has  therefore  supplied  it  with  assistance  in  the  mode 
of  the  articulation  of  the  two  thoracic  segments.     For  this  purpose  the 
mesonotum  and  mesostemum  are  prolonged  into  a  projecting  tubular 
process,  which  is  fitted  to  a  cavity  in  the  pronotum  and  prosternum  ; 
upon  this  process  we  find  in  the  middle  of  the  anterior  margin  of  the 
mesonotum  a  hook-shaped  joint,  bent  upwards,  adapted  to  a  cavity  in 
the  posterior  margin  of  the  pronotum.     At  the  base,  close  to  this  hook, 
there  are  two  smooth  flat  articulations,  which  likewise  fit  two  flat 
cavities  in  the  pronotum.     The  mesostemum  has,  on  the  contrary, 
exactly  in  its  centre,  a  deep  funnel-shaped  groove,  into  which  a  conical 
process  of  the  presternum  fits ;  upon  the  anterior  margin,  dose  to  this 
large  groove,  there  are  two  smaller  cavities  for  the  reception  of  two  flat 
processes,  which  lie  at  the  base,  close  to  the  conical  process  of  the  pro- 
sternum.     Their  connexion  is  efifected  by  a  tubular  membrane,  which 
passes  from  one  segment  to  the  other.     If  now  the  insect  lie  upon  its 
back,  by  means  of  the  muscles  which  connect  the  two  dorsal  plates 
together  it  raises  its  body  upwards,  so  that  the  pronotum,  moving  upon 
the  processes  of  the  mesonotum,  bends  back  upon  the  dorsal  surface  of 
the  body.     It  now  suddenly  contracts  with  all  its  force  the  connecting 
muscles  of  the  two  thoracic  segments,  as  well  as  the  others  which  run 
down  from  the  mesonotum  to  the  prostenium,  and  it  thereby  strikes 
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▼iolently  with  the  somewhat  raised  mai^n  of  the  pronotum,  and  the  base 
of  the  elytra  against  the  ground,  which  throws  it  upwards,  yet,  as  this 
blow  docs  not  proceed  ^m  the  centre  of  the  body,  but  its  anterior 
portion,  this  part  receives  the  greater  impetus,  in  consequence  of  which 
the  body  turns  over  in  the  air,  and  it  consequently  falls  with  its  ventral 
surface  to  the  ground.  It  retains  itself  in  this  position  by  the  sudden 
clinging  of  its  legs,  and  so  prevents  the  effects  the  concussion  would 
otherwise  have  of  throwing  it  up  again.  The  dagger-shaped  process  of 
the  presternum,  which  iits  into  the  funnel-shaped  groove  of  the  meso- 
sternum,  has  no  other  purpose  in  this  motion  than  to  regulate  and  pre- 
serve the  direction  of  the  prothorax  during  the  contraction,  without 
participating  in  the  least  in  the  blow. 

In  the  spring- tails  a  furcate  process  originates  at  the  ventral  plate 
of  the  penultimate  and  ante-penultimate  abdominal  s^ments,  which  in 
repose  lies  extended  towards  the  head  along  the  belly,  and  reaches  to 
about  the  posterior  legs.  By  the  insect  striking  this  process  rapidly 
and  with  force  against  the  surface  it  is  enabled  frequently  to  make  an 
extensive  leap.  During  this  leap  the  fork  is  directed  posteriorly,  but 
as  soon  as  it  again  touches  the  ground  it  again  bends  forward.  In 
SmyfUhurus,  Lat.,  De  Oeer  found,  besides,  a  conical  process  at  the 
sternum,  whence  the  creature  projected  two  long  flexible  filaments  when 
it  wished  to  affix  itself*.  Probably  these  filaments  also  participate  in 
producing  the  leap,  which  is  much  greater  in  theih  than  in  Podura, 

§  265. 

In  swimming,  insects  are  assisted  either  by  their  legs  or  other  organs, 
which,  in  conjunction  with  other  functions,  exercise  also  that  of  fins. 
Among  these  organs  may  be  classed  the  branchial  leaves  of  the  larvai 
which  live  in  water,  of  which  we  have  before  noticed  their  incessant 
motion  backwards  and  forwards,  whereby  the  larva  moves  and  breathes. 
This  is  however  the  case  only  in  those  larvae  which  have  lateral 
branchial  leaves ;  a  portion  of  the  rest,  for  instance  the  larvae  of  the 
Agrions,  move  by  the  serpentine  motion  of  their  abdomen,  and  the 
leaves  at  their  caudal  extremity,  which  act  as  a  rudder.  Thus  also  do 
the  larvae  and  pupae  of  the  gnats  move.  Others,  again,  swim  like  the 
leech,  by  a  serpentining  of  the  abdomen;  which  motion  sometimes 
describes  an  undulating  line,  and  sometimes,  as  in  the  red  larva  of 

*  M^moiiGs^  lom.  vii.  p.  20,  PI.  lU.  f.  7,  8. 
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Ckironomus  plumosus,  it  is  produced  by  means  of  a  lateral  oonvolution 
of  the  anterior  portion  of  the  body,  whereby  its  posterior  end  strikes 
forwards. 

But  aU  perfect  insects,  as  well  as  the  larvse  of  those  with  an  imperfect 

metamorphosis,  which  live  in  water,  s^vim  by  means  of  their  I^s. 

Among  the  Coleoptera  it  is  the  family  of  Hydrocantharides  which 

possess  this  faculty,  for  example,  Hydrophilus,  Eiophonu,  amd  the 

whirlwigs  (Gyrinus) ;  other  insects  which  live  in  water,  as  many  Ctir- 

culios,  Helodes  Phellandrii,  Donacia  Zostera,  Elmis,  Potamophilut, 

Parnus,  cannot  swim,  but  creep  about,  clinging  to  different  objects. 

In  the  other  orders  we  find  but  a  single  &mily  of  the  Hetniptera  whose 

limbs  are  adapted  to  swim,  namely,  the  genera  Nolonecta^  Sigara, 

Naucoris,  and  also  in  an  imperfect  degree  the  genus  Nepa.     They  all 

are,  like  the  majority  of  insects,  ^m  the  quantity  of  air  contained  in 

their  bodies,  as  well  as  from  the  L'ghtness  of  their  constituents,  of  less 

specific  gravity  than  water,  and  consequently  float  upon  the  surface 

without  any  exertion  of  their  own,  when  they  contract  their  limbs. 

The  respiration  of  atmospheric  air,  to  which   all  these  genera  are 

restricted,  is  thereby  facilitated  to  them.     It  is  thence  also  that  many 

water-beetles  cannot  quit  the  surface  when  they  have  remained  for 

some  time  in  the  air ;  the  air  then  exercises  so  great  an  attraction 

upon  them  that  their  swimming  power  is  not  able  to  counteract  it, 

and  they  consequently  remain  in  this  condition  until  they  succeed  in 

overcoming  it.     This  may  be  observed  in  any  Gyrinus ;  it  first  whirls 

itself  about  upon  the  surface  before  it  can  dive.     Other  beetles  have  so 

little  specific  gravity,  that  even  with  all  thdr  endeavours  they  cannot 

get  beneath  the  water  when  any  accident  has  removed  them  from  their 

places  of  concealment  to  the  surfieux.    This  is  the  case  in  many  of  the 

smaller  Hydrophili,  for  instance,  in  Hydrophilus  orbicularis  and  the 

Elophori.    These,  therefore,  never  swim,  but  creep  about,  clinging  to 

objects  beneath  the  water ;  if  they  quit  their  hold  they  immediately 

rise  to  the  surface,  and  struggle  here  until  they  meet  with  a  reed,  that 

serves  them  as  a  ladder  to  descend  by.     Even  the  powerful  Hydro^ 

philus  piceus  swims   very   awkwardly,  and  has  great   difficulty   to 

continue  beneath  the  water. 

The  great  Dytici  are  the  best  swimmers,  namely,  Dyticus  dispar, 
or  Raeselii,  The  whole  form  of  its  body  is  flat  compared  with  its 
size,  much  narrowed  anteriorly,  and  laterally  has  a  sharp  edge,  which 
gradually  increases   in  bulk  to  where  its  posterior  legs  are  placed. 
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and  then  again  narrowing  hj  d^rees,  contributes  very  considerably  to 
&cilitate  its  swimming.  The  1^  also,  particularly  the  posterior  ones, 
are  flat,  compressed,  and  either  upon  one  or  upon  both  edges  thickly 
furnished  with  long  setie  or  bristles.  The  first  joint  of  the  tarsus  has 
a  very  free  motion,  and  can  so  place  itself  that  either  the  sharp  edge 
or  broad  flat  surface  of  the  entire  foot  is  brought  forward  and  opposed 
to  the  pressure  of  the  water.  In  the  first  case  the  motion  finds  little 
resistance,  and  easily  cuts  through  the  water,  and  in  the  last  the 
pressure  of  the  water  acts  as  a  resisting  medium  against  the  broad  flat 
surface  of  the  foot,  which  is  increased  to  about  doable  its  width  by 
means  of  the  long  fringes,  and  thus  the  beetle  is  enabled  to  advance.  In 
addition  to  the  repulsion  which  the  rowing  of  the  insect  occasions  we 
may  also  add  the  pressure  exercised  by  the  water  itself,  occasioned  by 
the  specific  gravity  of  the  insect.  Were  the  beetle  placed  horizontally 
in  the  water  it  would  thereby  be  raised  upwards,  but  its  posture  is 
not  horizontal,  its  axis  forming  an  acute  angle  with  the  surface,  and 
indeed  the  head  is  the  deepest  situated.  By  means  of  this  position  its 
swimming  is  much  ^Eicilitated,  as  the  pressure  of  the  water  from  beneath, 
acting  against  an  oblique  surface,  pushes  both  sidewards  and  upwards. 
The  rowing  of  the  beetle  therefore  has  only  to  overcome  that  portion  of 
the  pressure  which  urges  upwards,  and  then,  without  farther  exertion 
on  its  part,  the  beetle  swims  forward.  If,  tlierefore,  it  applies  more 
power  than  is  requisite  for  its  swimming  direct,  it  necessarily  descends 
obliquely,  and  we  consequently  always  observe  it  to  dive  in  this  direction, 
and  never  perpendicularly.  But  its  own  museular  activity  is,  however, 
the  chief  cause  of  its  motion  in  water.  This  muscular  motion  is  exer- 
cised principally  by  the  posterior  legs,  which  bend  forwards  as  far  as 
possible,  when  the  narrow  edge  is  directed  anteriorly.  In  their  dis- 
tending motion  all  the  joints  bend,  but  particularly  those  of  the  foot, 
so  that  their  broad  surface  is  opposed  to  the  pressure  of  the  water ;  at 
the  same  time,  but  probably  merely  mechanically,  by  this  pressure  the 
stiff  marginal  fringe  is  expanded,  so  that  by  lying  closely  contiguous 
it  forms  as  it  were  the  face  of  the  oar  which  the  insect  uses  in  its 
posterior  legs.  The  violent  extension  of  the  1^  to  where  it  meets  its 
opponent  of  the  opposite  side,  behind  the  body,  then  propels  it,  and  a 
repeated  rowing  continues  the  commenced  motion. 

The  genera  Noionecla,  Naucoris,  and  Sigara  swim  in  the  same 
manner,  but  with  this  essential  difference,  that  in  them  the  ventral 
surface  is  directed  upwards,  and  the  keel-shaped  back  is  directed 
downwards. 
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Flight,  the  last  of  the  yoluntary  motions  to  be  considered  by  us,  is 
the  most  difficult  to  explain  of  all,  as  not  only  the  muscles  which  are 
attached  to  the  organs  of  flight,  but  all  those  found  within  the  thorax, 
participate  in  producing  it,  and  therefore  it  is  not  merely  the  wings 
during  flight  but  the  entire  thorax,  by  means  of  the  motion  according 
to  its  several  plates,  which  are  detected  as  contributing  to  effect  it. 
We  can  consequently  distinguish  two  chief  motions  which  are  visible 
during  the  flight  of  an  insect,  namely,  the  individual  motion  of  the 
wings  themselves,  and  the  contemporaneous  motion  of  the  thorax.  The 
above  described  respiratory  motion  of  the  thorax  during  flight  is  iden- 
tical with  the  latter,  so  that  the  same  motion  which  effects  the  in-  and 
expiration  of  the  air  from  the  thorax  produces  also  the  flapping  of  the 
wings. 

The  motion  peculiar  to  the  wings  consists  in  their  expansion  and 
bending  backwards ;  the  expansion  is  produced  by  the  extensors  and 
the  bending  back  by  the  flexors.     From  §  178  we  know  that  the 
extensors  are  by  far  the  largest  of  these  muscles,  and  that  they  vary  in 
compass  according  to  the  varying  size  of  the  anterior  and  posterior 
wings.      By  the  contraction  of  an  extensor,  therefore,  the  wing  is 
expanded,  and  by  the  continuance  of  this  contraction  it  is  retained  in 
this  position.    In  those  orders  with  four  membranous  wings  or  coria^- 
ceous  anterior  wings  we  find  no  difference  in  the  position  of  the  wings 
during  expansion.     The  anterior  ones  lie  in  front  of  the  posterior  one&» 
and  in  one  plane  with  them,  sometimes  separate  and  sometimes  con- 
nected with  them  by  means  of  a  peculiar  apparatus.     In  the  beetles, 
however,  in  which  the  anterior  wings  are  transformed  to  hard  elytra, 
their  position  is  quite  different.     Sometimes  these  elytra  are  not  at  all 
expanded  during  flight,  and  this  is  the  case  in  the  genus  Cetonia  and 
in  the  earwig.    In  other  instances  the  elytra  are  expanded  it  is  true, 
but  in  a  very  different  direction,  namely,  perpendicularly  upwards ; 
whereas  the  wings  are  extended  horizontally,  as  we  observe  in  Necro» 
phorus,  in  the  genus  Hisler,  and  in  many  Siaphylini,     In  many  other 
beetles,  lastly,  they  lie  in  the  same  direction  with  the  wings,  yet  not  in 
general  upon  the  same  plane,  but  a  little  higher.     In  all  these  cases, 
therefore,  the  elytra  do  not  participate  in  the  blow  of  the  wing,  but 
they  retain  the  same  position  and  situation  during  the  whole  flight. 

The  remaining  muscles  of  the  thorax,  but  particularly  those  of  the 
two  segments  upon  which  the  tvlngs  are  placed,  and  which  above 
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(§  176)  we  have  called  the  dorsal-,  lateral  dorsal-,  lateral-  and  furcate 
dorsal-muscles,  are  those  which  act  in  common  for  producing  the  respir- 
atory and  volatile  motions,  and  therefore  must  be  examined  here  more 
doeely  as  to  their  effects.     One  of  them,  the  straight  dorsal  muscle, 
which  is  expanded  between  the  meso*  and  meta-phragma,  acts  parallely 
to  the  axis  of  the  body ;  it  arches  by  its  contraction  those  plates  within 
which  it  lies,  and  thereby  produces  the  inflexion  of  the  wing.    In 
insects  with  connate  thoracic  segments  it  is  assisted  in  this  function  by 
the  oblique,  lateral  dorsal  muscles,  which  likewise  sit  quite  alone  upon 
the  dorsal  plate  and  its  processes,  particularly  the  metaphragma.     By 
means  of  it,  therefore,  the  blow  downwards  of  the  wing  is  produced, 
and  as  it  also  arches  the  entire  thorax,  and  likewise  also  distends  it,  it 
promotes  the  inspiration  of  air.     In  opposition  to  them  the  lateral  and 
furcate  dorsal  muscles  act.     By  their  contraction  they  approximate  the 
dorsal  plate  to  the  sternum,  draw  it  down  to  the  latter,  and  thereby 
effect  the  raising  of  the  wing.      They  also  contract  the  cavity  of  the 
thorax,  and  thereby  promote  the  expiration  of  the  air.     By  the  alter- 
nating  contraction  of  these  muscles,  opposed  in  their  effects,  the  flap- 
ping of  the  wing  of  insects  is  produced.     It  is  therefore  the  result  of  a 
distension  and  contraction  of  the  thorax,  in  which  naturally  its  lateral 
radiations,  the  wings,  must  immediately  participate;  this  is  another 
reason  for  considering  the  wings  as  mere  continuations  of  the  membrane 
of  the  thorax,  which,  only  in  consequence  of  their  change  of  function 
occasioned  by  internal  respiration,  have  received  their  peculiar  extensor 
and  flexor  muscles.] 

If  after  this  very  general  survey  of  the  mode  of  flight  in  insects  we 
look  around  us  for  some  peculiar  divarications  of  individual  orders,  we 
shall  find  it  expressed,  especially  in  the  position  of  the  entire  body,  as 
well  as  of  its  individual  limbs.  With  respect,  in  the  first  place,  to 
taking  flight,  we  shall  even  find  some  differences  in  the  manner  in 
which  this  is  executed.  Those  that  likewise  possess  the  power  of 
leaping,  namely,  the  Grylli  and  Cicada,  do  it  most  readily.  They 
raise  themselves  by  a  leap  from  the  ground  so  soon  as  they  may  be 
ui^ed  to  take  flight,  then  expand  their  %vings  already  floating  in  the 
air,  and  proceed  in  the  direction  already  g^ven  by  the  leap.  Yet 
are  these  insects  not  good  and  continuous  fliers,  with  the  exception  of 
the  migratory  locust,  but  the  majority  return  again  to  the  ground  at  a 
very  short  distance  from  their  place  of  starting.  With  the  same  ease 
do  all  other  flying  insects  take  wing  which  bear  their  wings  always 
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expanded^  for  instance,  many  flies,  butterflies,  Hymenoptera,  and  many 
Libellulce,  In  the  latter,  also,  they  remain  in  the  same  position  during 
repose  that  they  are  found  in  during  flight ;  the  insect,  therefore,  does 
not  require  to  expand  and  direct  them.  Thence  arises  the  fiftcility  with 
which  these  creatures  raise  themselves  into  the  air ;  thence,  also,  as 
well  as  from  their  lightness  of  structure  and  small  size,  the  fieunlity  of 
their  motion  in  the  air,  and  the  long  continuance  of  their  flight.  Beetles, 
and  especially  the  largest  ones,  have  the  greatest  difficulties  to  overcome 
in  taking  flight.  We  observe  in  them  distinctly  the  great  exertion 
not  only  of  the  muscles  of  flight,  but  all  the  other  organs  of  the  body 
also  labour  to  support  their  flight ;  and  the  cockchafer  in  particular, 
which,  doubtlessly,  every  one  of  our  readers  has  observed  in  this  occu- 
pation, gives  us  a  distinct  idea  of  the  great  labour  these  little  creatures 
are  obliged  to  apply  to  the  execution  of  one  of  their  most  ordinary 
occupations.  We  see  it  at  first,  as  it  were  conscious  of  its  increasing 
labour,  slowly  raise  itself,  expand  its  antennae,  and,  in  the  endeavour 
to  free  itself  of  a  burdensome  and  hindering  load,  adapt  itself  to  its 
purposed  course  by  violent  respiratory  motions  of  its  abdomen.  It  has 
hardly  cast  this  burden  from  it,  when  it  forthwith  commences  with 
considerably  increased  activity  its  pedestrian  journey,  seeking  for  some 
elevated  spot  whence  it  may  commence  its  atrial  expedition  ;  and  if  it 
do  not  speedily  find  one,  its  anxiety  to  fly  ui^s  it  to  endeavour  from 
the  plain  surface,  but  this  impatience  is  frequently  punished  by  the 
fulure  of  its  exertions.  But,  having  reached  an  elevated  spot^  it  raises 
its  eljrtra  during  the  violent  backward  and  forward  bending  of  its  head, 
then  suddenly  expands  them  as  well  as  the  wings,  and  at  the  same 
moment  makes  its  first  elevating  blow,  after  having,  at  the  same  time, 
compressed  the  whole  abdominal  cavity  by  means  of  the  flexible  dorsal 
integument,  and  thus  driven  all  the  air  out  of  it.  Thus,  during  flight, 
respiration  takes  place  only  in  the  thorax,  and  the  abdomen  resumes 
that  function  only  when  the  creature  alights  after  its  completed  course. 
But  then  its  first  motions  are  very  violent  and  powerful. 

The  position  of  the  body  during  flight  in  the  air  in  this  and  other 
beetles  is  not  the  usual,  viz.  the  horizontal,  but  inclined  obliquely 
towards  the  horizon,  in  which  inclination  the  head  takes  the  more 
elevated,  and  the  anal  extremity  the  lower  pkce.  The  cause  of  this 
oblique  position  I  think  may  be  found  in  the  preponderance  of  the 
abdomen,  particularly  during  puberty,  owing  to  the  turgidity  of  the 
internal  genitalia,  over  the  smaller  and  lighter  thorax  and  head ;  at 
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least  in  those  insects  in  which  no  such  preponderance  of  the  abdomen 
can  occur,  partly  from  its  smallness,  as  in  the  flies^  and  partly  on  account 
of  its  thinness  and  lightness,  as  in  the  LibelluUg,  we  observe  no  such 
obliquity  during  flight :  whereas  in  other  insects  in  which  the  abdomen 
itself  is  heavier,  for  instance,  in  the  Bombi  and  wasps,  we  observe  a  similar 
posture,  yet  its  greater  weight  does  not  incline  the  thorax  from  its  hori- 
zontal position,  but  the  abdomen  alone,  which  is  aflixed  at  one  small  spot, 
hangs  down.  In  other  insects,  again,  in  which  the  very  long  and  also 
heavy  abdomen  forms  by  far  the  most  considerable  part,  it  is  placed  in 
sudi  a  position  as  not  to  incline  the  thorax  during  flight  considerably 
from  its  horizontal  position.  Among  these  is  found  the  genus  Foenus; 
which  raises,  during  flight,  the  abdomen  with,  in  the  larger  species,  its 
very  long  ovipositor,  perpendicularly  upwards,  or  even  sometimes  bends 
it  forwards,  so  that  the  chief  pressure  is  directed  towards  the  centre  of 
the  body.  But  there  requires  less  strength  to  advance  the  thus  pressing 
abdomen,  than  if,  stretched  directly  out,  it  drew  the  entire  body  down- 
wards, and  daily  experience  can  teach  us  how  much  more  easy  it  is 
to  balance  a  long  stick  upon  the  flat  hand  or  the  tip  of  a  finger,  than 
to  carry  it  with  an  extended  arm.  Most  external  organs  adapt  them- 
selves to  the  same  law,  for  the  1^  are  in  general  contracted  to  the 
body,  and  but  very  rarely  stretched  out  posteriorly.  But  the  antennie 
appear  always  to  maintain  their  extended  position  during  flight,  but 
whidi  position  is  transformed  in  the  Cerambycida,  furnished  with  long 
antennae,  into  a  gentle  curvature  inclining  outwards  and  backwards. 
In  this  position  they  contribute  much  to  maintain  an  equilibrium  with 
the  abdomen,  that  it  may  not  sink  still  lower. 

This  inclining  posture  of  the  whole  body  is,  however,  of  no  conse- 
quence to  the  execution  of  flight,  but  the  likewise  oblique  attachment 
of  the  wings  to  the  thorax  is  especially  so.  This  oblique  attachment 
is  distinctly  seen  if  a  line  be  drawn  through  the  direction  of  their 
aflixion,  and  this  is  conceived  to  lie  in  the  plane  of  the  axis  of  the 
thorax  when  both  are  found  to  cut  closely  behind  the  thorax,  and  even 
sometimes  upon  its  posterior  limits  *.  The  wings  consequently  during 
flight  do  not  move  perpendicularly  to  the  body,  but  on  an  oblique  plane  ; 
and  are  also  acted  obliquely  upon  by  the  pressure  of  the  air,  so  that 
upon  rising  they  appear  bent  upon  the  posterior  margin,  and  upon 
sinking  they  also  apptor  raised.   This  diflerence  of  posture  is  occasioned 
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by  the  irr^ularity  of  the  nervures,  for  upon  the  anterior  margin 
stiff,  firm  and  inflexible  nervures  are  found,  but  upon  the  posterior 
margin  there  are  none,  and  in  its  vicinity  there  are  only  soft,  thin  and 
flexible  ones.  Also  the  oblique  position  of  the  wing  to  the  direct  plane 
of  its  motion  effects  the  entire  progression  in  the  air ;  so  that  by  the 
pressure  of  the  air  going  obliquely  against  the  surfaces  of  the  wing,  it 
acts  like  any  other  power  upon  an  oblique  plane  which  admits  of  being 
divided  into  two  so  called  parallelograms  of  force,  one  of  which  is  lost, 
but  the  other  acts  perpendicularly,  yet  somewhat  less  eflfectually  than 
the  original  force.  An  equal  force,  which,  like  that  of  the  stroke  of 
the  wing,  presses  downwards,  presses  also  upwards  in  the  stroke,  which, 
likewise,  may  be  divided  into  two  forces,  one  of  which  is  lost.  We 
thereby  acquire,  therefore,  two  moving  forces,  both  of  which,  it  is  true, 
stand  perpendicularly  to  the  wings,  but  yet  cut  each  other  in  their 
direction,  as  the  posture  of  the  wing  is  different  in  its  rising  and  sinking. 
These  two  moving  forces  consequently  form,  when  we  add  to  them 
their  parallels,  a  third  parallelogram  of  forces,  and  the  diagonal  of 
this  parallelogram,  drawn  through  the  angles  where  both  forces  meet 
in  the  horizontal  plane  fixed  by  the  centre  of  gravity,  describes  the 
line  of  flight. 

Had  not  nature  concurred  in  all  these  adaptations,  had,  for  instance, 
the  surfaces  of  the  wings  stood  at  right  angles  to  the  plane  of  motion  of 
the  wings,  progression  in  the  air  could  not  have  taken  place,  but  the 
insect  must  necessarily  have  stopped  short  in  the  air  upon  the  very  first 
stroke  of  its  wings,  as  the  pressure  from  above  and  beneath  would  have 
been  opposed  in  a  linear  direction,  and,  in  consequence  of  the  rapidity 
of  the  motion  of  the  wings,  would  have  neutralised  each  other.    But 
this  is  actually  the  case  iu  some  volatile  motions,  namely,  in  hovering, 
or  the  stopping  at  one  spot  in  the  air.     The  insect  can  give  voluntarily 
such  a  posture  to  the  wings,  that  the  propelling  forces  oppose  each 
other  in  a  linear  direction,  and  the  consequence  of  which  is,  that  it 
remains  hovering  at  one  spot  in  the  air.   But  it  requires  much  exertion, 
whence  it  is  that  the  strokes  of  the  wings  follow  each  other  more 
rapidly,  and  the  buzz  during  it  is  shriller  and  louder.   We  particularly 
observe  this  capacity  of  hovering  in  the  Diptera,  which,  in  consequence 
of  the  narrowness  of  the  base  of  their  wings,  possess  the  power  of  moving 
the  wings  on  all  sides,  and  among  them  again  we  observe  it  most  perfect 
in  the  Bombylii,  Anthracodea,  and  Syrphodea,  likewise  in  many  true 
genera  of  flies,  viz.  Miliogramma,     This  order  also  is  distinguished 
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from  the  rest  with  respect  to  their  flying  apparatus,  by  being  deficient 
in  posterior  wings^  instead  of  which  they  possess  balancers.  We  have 
before  ( §  168)  expressed  our  opinion  of  their  supplying  the  place  of 
posterior  wings ;  modern  experiments  have  confirmed  this  opinion  in  as 
far  as  they  anatomically  agree  with  the  wings,  namely,  in  consisting  of  a 
simple  but  somewhat  more  compact  neurated  membrane,  which,  as  well 
as  the  membrane  of  the  wing,  is  a  continuation  of  the  epidermis,  and 
forms  a  closed,  and,  in  these,  a  smaller  pedunculated  bag.  Into  this 
peduncle  a  tolerably  thick  trachea  passes,  but  which,  however,  is  not 
more  than  half  as  thick  as  the  foot-stalk,  and  which,  as  soon  as  it 
reaches  the  knob,  ramifies  within  it  in  many  branches.  With  respect 
to  the  function  of  this  poiser  during  flight,  Schelver*  has  already 
proved  that  they  are  essential  to  it.  He  cut  off  the  balancers  of 
several  Diptera  s  they  indeed  still  flew,  but  only  short  distances.  I 
have  convinced  myself  of  the  correctness  of  his  assertions  by  many 
experiments :  every  fly  which  was  deprived  of  these  organs  had  lost 
the  art  of  flight ;  they  indeed  flew  a  distance  of  from  one  to  two  feet, 
but  then  rolled  over,  and  fell  to  the  ground.  If  then  they  were 
urged,  they  made  a  fresh  endeavour  to  fly,  but  which  again  failed  in  the 
same  way,  as  well  as  in  all  subsequent  ones.  To  convince  myself  if 
any  other  mutilation  of  the  body  would  affect  the  capacity  of  flight,  I 
now  likewise  cut  off  the  scales,  but  the  result  did  not  justify  my 
expectations.  Eristalu  tenax  flew  with  the  same  rapidity  and  skill 
after  as  before  the  operation,  the  same  as  if  it  had  suffered  no  loss. 
Schelver,  indeed  t>  gives  a  different  result  to  the  same  experiment,  but 
he  errs  ;  1  have  frequently  repeated  my  experiment,  and  always  with 
the  same  consequence.  The  results  to  the  capacity  of  flight  from  the 
loss  of  the  legs  are  also  not  correct,  for  a  Tipuloj  from  which  I  removed 
every  leg  but  one,  flew  as  well  as  before  the  experiment,  but  the  loss 
of  all  the  legs  appears  to  injure  that  operation. 

§  267. 

Having  thus  explained  the  different  motions  of  insects,  we  still  have 
to  make  a  few  general  observations  upon  the  force  and  duration  of 
muscular  motion.     Both  attain  a  degree  in  insects  which  remain  to  be 

*  Beobacktungfn  iiber  den   Flngnnd  das   Jesumme  einiger  Zweiflugligen  Insekien. 
Wifdeinaiin't  Archiv.  toI.  ii.  Pt.  2,  p.  212. 
f  lb.  No.  4. 
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discovered  in  other  animals,  and  is  probably  nowhere  surpassed.  I 
think  I  discover  the  cause  of  this,  for  such  small  and  insignificant 
creatures,  remarkable  phenomenon  in  the  preponderance  of  their 
respiration ;  for  wherever  we  meet  with  the  function  of  respiration, 
and  especially  of  the  respiration  of  atmospheric  air,  preponderating,  we 
find  in  conjunction  the  faculty  of  powerful  and  continuous  muscular 
activity.  Thus  in  this  view  also  tliere  is  an  affinity  between  insects 
and  birds,  as  both  classes  exhibit  the  high  importance  of  respiration 
to  the  entire  organisation,  and,  as  a  consequence,  the  most  powerful 
muscular  activity. 

The  muscular  power  exhibits  itself  likewise  in  each  of  the  four 
several  modes  of  motion.  The  rapidity  with  which  certain  insects 
progress  on  foot  is  admirable,  and  presents  itself  in  a  very  distinguished 
degree  in  the  last  family  of  the  beetles,  namely,  the  Carabodea.  Their 
allies  also,  the  Staphtflini,  display  very  rapid  motions  both  in  running 
and  in  flight,  but  especially  in  the  former.  Even  among  the  most 
minute  insects  do  we  find  rapid  runners,  for  instance,  among  the  flies, 
in  which  the  genus  Tachydromia  of  the  family  Empidodea  derive  their 
name  from  it.  But  it  is  not  solely  in  the  rapidity  of  their  motions 
that  we  recognise  the  muscular  power  of  insects,  but  also  in  their 
faculty  of  coursing  about  upon  perpendicular  walls  and  vibrating 
surfaces.  This  Acuity  they  especially  owe  to  their  sharp  daws,  and 
to  the  clinging  organs  placed  at  the  extremity  of  their  foot.  Many  of 
these,  namely,  the  pulvilli  of  the  bees,  wasps,  and  flies,  are  true  sucking 
cups,  which  at  first  lay  themselves  flatly  upon  the  object,  and  then  by 
their  concavity  and  rarefiaction  of  the  air  beneath  them  clutch  closely 
to  it.  But  yet  considerable  muscular  power  is  requisite  for  an  animal 
to  continue  hanging  with  its  whole  body  suspended  by  its  own  limbs 
by  voluntary  muscular  force. 

Still  more  admirable  is  the  rapidity  with  which  many  insects 
that  prepare  for  themselves  cavities  and  subterranean  dwellings  are 
able  to  execute  them.  This  rapidity  also  presumes  great  muscular 
power,  and  especially  a  great  duration  of  the  force.  How  rapidly,  for 
instance,  does  not  the  larva  of  the  ant-lion  dig  its  pit,  which  can 
receive  within  its  cavity  at  least  a  dozen  insects  of  its  own  size  !  How 
speedily  do  not  the  fossorial  wasps  dig  a  hole  for  the  reception  of  their 
eggs  after  they  have  first  placed  in  it  a  caterpillar  as  laige  as  them- 
selves, and  frequently  weighing  at  least  half  as  much  again;  and  yet 
the  common  Ammophila  sabulosa  carries  oflT  its  prey  with  the  greatest 
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facility !  Who  has  not  observed  an  ant-hill,  and  admired  the  industry 
with  which  these  little  creatures  labour !  Whom  has  the  fact  escaped 
that  two  or  three  pismires,  or,  according  to  the  size  of  their  prey,  ^ye 
or  six  of  them,  convey  away  a  large  caterpillar,  which  has  by  accident 
come  within  the  limits  of  their  fortifications,  and  bear  it,  notwith- 
standing its  violent  resistance,  to  their  purposed  spot !  In  such 
undertakings  they  frequently  work  in  opposition  to  each  other,  and, 
under  such  circumstances,  the  colossus  remains  for  a  time  immoveable, 
retained  by  equal  powers  acting  in  opposition  to  each  other.  Lastly, 
the  burying-beetle,  how  quickly  does  it  not  bury  its  corpse !  From 
four  to  six  of  them  are  sufficient  to  bury  a  moth  several  inches  deep  in 
the  course  of  a  quarter  of  an  hour,  and  even  a  single  beetle  would 
execute  this  certainly  monstrous  labour  in  the  course  of  an  hour.  Let 
us  only  reflect  upon  the  capability  of  even  a  dozen  men  burying  a  whale 
in  one  hour ;  and  yet  the  proportions  with  respect  to  size  are  more 
favourable  to  the  execution  of  the  project  in  this  last  case  than  in  the 
former. 

But  the  force  and  duration  of  muscular  motion  exhibits  itself  most 
conspicuously  during  flight.  We  admire  the  continuous  flight  of  the 
migratory  bira  and  the  rapidity  of  the  sivallow,  and  yet  the  most 
common  insects  exhibit  the  same  phenomena.  The  well-known  dung- 
beetle  flies  in  warm  summer  evenings  with  a  rapidity  which  yields  in 
nothing  to  the  swallow,  although  it  is  not  one-tenth  part  its  size.  The 
(Estri,  Tabaniy  and  flies  which  pursue  cattle  and  horses  with  a  voracious 
thirst  for  blood,  excite  by  the  humming  noise  of  their  flight  the  poor 
objects  of  their  rapacity  to  escape  by  resorting  to  their  quickness,  but 
they  do  not  thereby  secure  themselves  from  their  persecutors,  who, 
quicker  than  them,  at  last  discover  a  suitable  place  of  their  body  for 
the  exercise  of  their  parasitic  occupation.  We  may  frequently  convince 
ourselves  of  their  rapidity  when  riding  upon  ahorse  about  to  be  attacked 
by  an  (Estrus^  upon  spurring  it  to  its  full  speed,  for  it  constantly 
remains  in  the  vicinity  of  the  animal,  at  about  two  or  three  inches 
distance  from  its  body,  and  even  at  last,  when  convinced  of  the  im- 
possibility of  executing  its  purpose,  it  flies  away  still  faster  than  the 
rider,  preceding  him  with  incredible  rapidity  upon  his  own  path.  The 
most  remarkable  instance  of  this  kind  is  possibly  that  related  by  an 
English  traveller  *,  who  was  travelling  with  a  steam-carriage  that  was 

*  In  the  Philosophical  Magazine. 
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propelled  at  the  rate  of  twenty  miles  an  hour.  This  carrii^  was 
accompanied  a  considerable  distance  by  a  humble-bee  {Bombus  subinler^ 
ruptus,  Kirby),  not  merely  with  the  same  rapidity,  but  even  with 
greater,  as  it  not  unfrequently  flew  to  and  fro  about  the  carriage,  or 
described  zig-zag  lines'  in  its  flight,  in  addition  to  which  the  wind  was 
against  them.  Leeuwenhoek  relates  an  instance  in  which  a  swallow 
in  a  long  avenue  pursued  a  Libellula  of  the  genus  Agrion  for  the  space 
of  an  hour  without  catching  it  * ;  the  little  creature  continued  at  least 
six  feet  below  its  pursuer,  and  at  last  escaped  it.  These  few  instances 
will  convince  us  of  the  muscular  power  of  insects.  A  detailed  descrip- 
tion of  their  different  modes  of  flight  would  lead  us  too 'far;  we 
consequently  refer  to  Kirby  and  Spence's  Introduction  to  Entomology: 
iu  the  23rd  letter  in  the  second  volume  will  be  found  an  interesting 
collection  of  such  instances. 

We  have  as  yet  cited  no  convincing  instances  of  the  duration  of 
muscular  motion,  but  they  are  in  fact  of  rarer  occurrence  than  those 
which  exhibit  the  power  and  rapidity  of  flight.  Certain  phenomena^ 
however,  namely,  the  migrations  which  certain  insects  occasionally 
undertake,  prove  that  even  in  this  view  the  power  of  insects  is  not 
insignificant.  As  a  wandering  insect,  the  migratory  locust  is  most 
celebrated.  We  do  not  here  speak  of  the  devastations  that  this  terrible 
creature  frequently  produces,  but  merely  of  its  flight.  This  is  indeed 
but  slow  and  heavy,  for  the  locust  flies  but  a  short  space  above  the 
ground,  unless  opposing  objects  intervene  and  cause  it  to  rise  higher, 
yet  still  of  not  shorter  duration.  In  their  migrations,  which,  in  VnA, 
devastated  Siebenburgen  and  Hungary,  and  which  even  advanced  as 
far  as  Vienna,  swarms  were  observed  several  hundred  fathoms  thick, 
one  of  which  occupied  four  hours  in  passing  a  high  tower,  and  thus 
long  at  least  must  every  individual  have  flown.  The  intelligence  of 
an  American  newspaper  is  still  more  striking  f,  which  relates  that  the 
ship  Georgia,  upon  its  voyage  from  Lisbon  to  Havannah,  upon  the  2Ist 
of  November,  was  in  the  vicinity  of  the  Canary  Islands,  but  yet  200 
English  miles  from  land.  A  calm  came  on,  which  was  succeeded  by  a 
light  wind  from  the  north-east.  Now  for  the  space  of  a  whole  hour 
locusts  fell  upon  the  ship  and  the  surrounding  sea,  which  covered  its 
entire  surflEice,  yet  they  were  not  at  all  fatigued,  but  jumped  and 
endeavoured  to  escape  their  pursuers.     If  we  even  conclude  that  these 

•  Kirby  and  Spence,  Introd.  vol.  ii.  +  lb,  vol.  i. 
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locusts  were  conveyed  even  a  considerable  distance  from  land  by  high 
winds^  yet  must  a  great  portion  of  their  journey  be  ascribed  to 
their  own  continuous  muscular  power,  for  otherwise  they  would  have 
fallen  much  earlier  into  the  sea,  but  as  the  abated  wind  no  longer 
supported  their  flight  like  the  violent  one,  their  strength  decreased  and 
they  fell  down.  Other  instances  are  found  of  the  continued  voyages 
of  LibeUukB  to  considerable  distances.  We  have  before  mentioned  the 
rapidity  of  their  flight  in  a  case  observed  by  Leuwenhoek.  Indeed 
these  little  creatures  do  not  more  excite  our  astonishment  by  the  light- 
ness and  rapidity  with  which  they  fly,  than  by  the  duration  of  their 
motion.  They  incessantly  swarm  and  hover  about  meadows,  brooks 
and  ponds,  their  favourite  places  of  resort,  without  ever  reposing  any 
length  of  time ;  and  as  if  they  wished  to  excite  still  more  the  rage 
of  their  pursuer  by  their  playful  motions,  they  hover  in  fix)nt  of  him 
the  moment  he  thinks  to  capture  them,  and  yet  do  not  allow  him  to 
attain  his  object.  Several  instances  are  on  record  of  their  migrating 
in  vast  multitudes.  Kirby  and  Spence  in  their  classical  work* 
have  cited  several,  and  I  myself  have  twice  been  an  eye-witness  of  such 
migrations.  They  proceeded  rather  low,  in  innumerable  multitudes, 
in  an  undulating  body  over  the  heads  of  their  astonished  spectators, 
without  the  least  apparent  cause  of  their  collection  or  migration 
offering.  On  the  evening  of  the  day  they  dispersed,  and  on  the  follow- 
ing day,  all  the  streets  of  the  town  over  which  the  swarm  passed  were 
animated  by  the  returning  members  of  this  numerous  society. 

We  will  here  conclude  our  description  of  the  motions  of  insects. 
Much  that  was  highly  interesting  and  much  that  might  be  still  said 
upon  these  subjects  from  the  natural  history  of  these  creatures,  we  have 
necessarily  left  unnoticed,  as  our  object  was  but  to  state  the  chief 
results  and  most  general  phenomena.  The  very  interesting  work  of 
Kirby  and  Spence  contains  such  a  multitude  of  these  details,  related  in 
a  charming  style,  that,  had  we  wished  to  have  been  more  copious,  we 
could  but  have  repeated  their  animated  description.  We  must  conse- 
quently refer  our  readers  for  what  relates  to  the  external  relations  of 
insects  entirely  to  the  work  of  those  learned  and  well«informed  gentle- 
men. 

*  Introduction,  toI.  ii.  p.  12. 
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FIFTH  CHAPTER. 

OF  THE  SOUNDS  AND  NOISES  EMITTED  BY 

CERTAIN  INSECTS. 


i  268. 

Thb  investigation  into  the  sounds  emitted  by  insects  during  their 
motions  does  not  inappropriately  follow  the  description  of  these  several 
motions,  for  the  causes  of  these  sounds  appear  to  exist  in  these  motions 
themselves.  It  was  formerly  supposed  that  the  majority  of  these  sounds 
were  produced  by  the  motion  of  the  wings  alone,  without  taking  the 
least  consideration  of  the  apertures  that  are  found  upon  the  body  of 
the  insecty  and  through  which,  upon  every  respiration,  air  streams  in 
and  out.  The  mechanical  friction  of  the  mngs  together,  or  of  the 
latter  against  the  thighs,  were  considered  as  the  causes  of  the  loud  cries 
of  many  grasshoppers  and  locusts,  and  also  the  vibration  of  the  air 
caused  by  the  strokes  of  the  wings  was  considered  as  all  that  produced 
the  hum  in  the  flight  of  bees^  wasps,  and  flies.  If  even  the  friction  of 
portions  of  the  integument  together,  for  instance,  of  the  pronotum  upon 
the  face  of  the  mesonotum  in  many  beetles  is  apparently  the  sole  cause 
of  the  noises  emitted  by  them,  yet  in  the  majority  of  other  instances  a 
mere  mechanical  friction  is  not  sufficient  to  produce  so  strong  and  shrill 
a  tone,  for  it  is  doubtlessly  frequently  the  air  streaming  out  of  the  stigma, 
and  thereby  putting  vibratory  bodies  in  motion,  that  produces  these 
sounds :  and  just  as  easily  as  this  is  considered  to  be  the  cause  of  the 
noises  emitted  by  the  Cicada^  may  it  also  be  proved  to  be  that  of 
the  humming  of  the  bees,  wasps  and  flies.  An  experiment  of  this 
description  is  the  theme  of  the  present  chapter :  we  therefore  pursue 
the  path,  in  our  investigation  of  this  subject,  which  nature  seeqis  to 
have  traced,  and  shall  commence  with  the  sounds  produced  by  mere 
mechanical  friction,  which  will  be  followed  by  the  hum  heard  during 
flight,  and  we  shall  conclude  with  such  noises  as  are  produced  by 
peculiar  organs. 
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§  269. 

By  the  frictioii  of  parts  of  the  int^ament  together,  all  those  sounds 
are  produced  which  we  observe  in  beetles  of  the  different  families.  The 
best  known  ^Eunily  in  this  respect,  and  which  also  produce  the  loudest 
sounds  of  this  description,  are  the  capricom  beetles.  Almost  all  the 
species  of  this  very  extensive  group  emit,  upon  being  touched,  a 
tolerably  loud,  chirping,  uniform  sound,  varying  only  in  its  intensity, 
and  which  is  produced  by  the  friction  of  the  posterior  margin  of  the 
pnmotum  upon  the  prolonged  anterior  portion  of  the  mesonotum  which 
projects  somewhat  into  the  cavity  of  the  prothorax.  .  Both  the  sur&ces 
are  very  smooth,  but  not  otherwise  distinguished,  so  that  the  mere 
mechanical  £riction  of  the  one  against  the  other  must  be  regarded  as 
the  sole  cause  of  the  sound  produced.  Indeed  the  same  sound  may  be 
produced  after  the  death  of  the  creature,  by  rubbing  the  two  parts 
together.  Whether  this  sound  have  any  determinate  purpose,  for 
instance,  attraction,  cannot  be  decided  with  certainty,  but  thus  much 
IS  the  case,  that  both  sexes  equally  produce  it,  and,  particularly, 
only  in  such  situations  as  affect  their  free  and  voluntary  motion.  I 
have  never  found  that  any  Ceramhyx  made  it,  unless  disturbed  or 
touched,  and  precisely  when  those  restraints  were  most  violent  the 
soond  was  then  loudest ;  for  instance,  when  impaled  by  a  pin,  and 
he  endeavoured  with  all  his  limbs  to  free  himself  from  his  thraldom. 
The  same  is  the  case  in  all  other  insects  which  produce  sounds  by  the 
same  means.  We  also  detect  similar  sounds  in  the  dung-beetles,  viz. 
in  Geoimpes  stercorarius,  vernalu,  Copris  lunarU,  and  others  of  the 
&mily  of  LameUkorns,  as  in  Trox  gabulosus.  The  only  difference  is, 
that  these  beetles  produce  it  by  rubbing  the  abdomen  against  the 
elytra.  Of  this  we  may  easily  convince  ourselves  by  taking  such  a 
beetle  between  our  fingers,  and  turning  its  belly  upwards ;  we  then 
distinctly  see  the  up  and  down  motion  of  the  abdomen.  The  sound  is 
also  prevented  if  a  pin  be  introduced  between  the  abdomen  and  the 
elytra,  so  that  the  former  cannot  toudh  the  latter.  The  burying  beetle 
{Necropkorus  vespUlo),  the  lily  beetle  {Lema  merdigera,  and  another 
species  of  this  genus),  even  a  swimming  beetle  (Hygrobia  Hermanni,) 
and  many  others,  produce  similar  sounds  in  the  same  manner.  Indeed, 
according  to  Latreille*,  the  Pimelias  emit  similar  sounds  by  rubbing 

*  Hist.  Nat.  touQ.  X.  p.  264. 
B  h2 


468  FHYSIOLOOY. 

either  their  legs  together  or  against  the  body.  Bogs  also  (viz.  Cmex 
[Reduvius}  subapterus,  De  Geer  *)  and  the  Mutilla  {M,  Europeta) 
produce  such  sounds  upon  being  touched  t>  the  former  by  the  motion 
of  its  head,  probably,  therefore,  by  rubbing  the  occiput  against  the 
margin  of  the  prothoraz. 

Hence,  consequently,  all  these  sounds  are  doubtlessly  expressions 
of  pain  or  displeasure,  precisely  as  many  of  the  higher  animals  only 
under  similar  circumstances  make  their  voices  heard,  but  have  otherwise 
no  use  for  them. 

J  270. 

The  second  kind  of  sounds  which  insects  produce  are  those  which 
we  hear  during  their  flight,  and  especiaUy  by  the  Hymenaplera  and 
Diptera,  but  also  by  the  beetles,  Orthoptera,  and  bugs.  That  these 
sounds  are  not  produced  solely  by  the  flapping  of  the  wings,  we  may 
easily  convince  ourselves,  for  if  the  wings  be  cut  off,  the  fly  produces 
its  former  sound,  although  somewhat  weaker.  Hence,  therefore,  the 
question  occurs.  Which  is  truly  the  organ  of  sound  ?  The  reply  will 
readily  suggest  itself  when  we  sh^all  have  first  more  closely  investigated 
the  conditions  under  which  the  noise  originates.  If  any  fly,  for  instance, 
the  very  common  EristalU  tenojp,  be  held  by  the  legs,  and  the  wings 
left  free,  it  will  endeavour  by  the  violent  motion  of  its  wings  to 
emancipate  itself,  and  emits  a  loud  buzzing  sound.  If  the  wings  be 
half  cut  off,  the  vibration  of  the  wings  continues,  and  the  sound  becomes 
shriller ;  but  if  they  be  quite  cut  off,  we  observe  their  roots  still  in 
motion,  and  the  sound  becomes  a  little  shriller,  but  also  weaker  than 
before.  Thus,  therefore,  the  presence  of  the  wings  has  no  influence 
upon  the  production  of  tlie  sound,  and  at  most  but  a  trifling  one  in 
causing  a  change  of  tone.  But  there  are  other  organs  besides  the  wings 
upon  the  thorax  which  might  be  the  causes  of  the  sound,  namely,  the 
scales  behind  the  wings,  the  poisers,  and  the  spiracles  which  lie  between 
the  meso-  and  metathorax.  If  the  scales  be  removed,  the  sound  is  not 
at  all  affected ;  it  remains  unchanged  as  long  as  the  wings  can  vibrate. 
If  the  poisers,  lastly,  be  cut  off,  this  produces  no  difference  of  sound, 
and  a  fly  deprived  of  all  the  external  organs  which  tend  to  assist  the 
flight,  can,  so  long  as  the  mere  stumps  of  the  wings  remain  to  vibrate, 
produce  a  distinct  but  somewhat  weaker  and  higher  sound.  The 
spiracle  alone  remains,  therefore*,  to  be  considered  as  the  cause  and 

•  M^moires,  torn.  iii.  p.  190.  f  Kirby  and  Spence,  toI,  i.     . 
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instrument  of  the  soand.  To  convince  myself  of  this,  I  closed  both  the 
spiracles  with  gum^  and  then  urged  the  fly  to  vibrate  its  wings^  but  it 
was  scarcely  to  be  induced  to  do  so,  yet  when  it  occasionally  tried  it,  no 
sound  was  produced;  only  after  an  interval,  when  the  spiracle  was  freed 
from  its  stoppage  by  means  of  violent  volatile  motions,  was  the  sound 
renewed.  There  is  no  doubt,  therefore,  that  the  air  streaming  from 
the  spiracle  is  the  cause  of  the  sound,  and  that  a  body  which  by  this 
draught  of  air  is  brought  into  vibration,  must  necessarily  stand  in 
connexion  with  the  spiracle.  I  therefore  cut  out  one  of  the  spiracles, 
opened  it  carefully,  separating  the  angles  of  the  incision,  and  soon  found 
what  I  sought,  namely,  the  vibrating  body,  and  not  one  only,  but  very 
many.  That  lip  of  the  spiracle,  namely,  which  lies  posteriorly,  and  also 
somewhat  inwardly,  and  which  is  lengthened  upon  its  inner  side,  that  is 
turned  towards  the  commencement  of  the  trachea,  is  formed  into  a  small 
flat  half-moon-shaped  plate ;  upon  this  plate  there  are  nine  parallel  very 
delicate  homy  leaves,  the  superior  free  sharp  edges  of  which  are  bent 
somewhat  downwards,  so  that  the  anterior  one  inclines  a  little  over 
the  rest.  They  are  also  higher  towards  the  trachea,  and  towards  the 
margin  of  the  spiracle  lower,  and  the  central  one  is  the  largest,  from 
which  on  each  side  they  gradually  become  smaller  and  lower.  Upon 
the  air,  which  is  driven  with  force  out  of  the  trachea,  touching  these 
laminse,  they  are  made  to  vibrate  and  sound  precisely  in  the  same 
manner  as  the  vibrating  of  the  glottis  of  the  krynx.  Thus,  consequently, 
there  is  no  insignificant  analogy  between  the  spiracles  and  the  larynx, 
particularly  of  birds.  To  convince  myself  that  it  was  merely  the 
posterior  spiracles  of  the  thorax  which  emitted  sounds,  I  likewise 
inspected  the  anterior  ones,  but  found  in  them  not  the  least  trace  of  the 
just-described  laminie  at  the  inner  side  of  the  posterior  lip*. 

We  can  now  comprehend  the  reason  of  the  change  of  tone  on  the  loss 
of  the  wings.  The  vibrations  of  the  contracting  muscles  can  no  longer 
be  so  intense  in  consequence  of  the  loss  of  the  organs  made  to  vibrate, 
and  in  consequence  of  the  weaker  contractility,  the  air  cannot  be  expired 
with  the  same  degree  of  force.  The  tone  is  therefore  weaker  than 
when  the  wings  were  present;  also,  as  Chabrier  supposes,  some  air  may 
escape  through  the  open  trachea  of  the  wings  which  are  cut  off. 

*  Chabrier,  in  hisEiaai  sor  le  Vol  ilea  Luectes,  p.  45,  &c.,  likewise  explains  the  hum  of 
inaecti  as  produced  by  the  air  streamiog  out  of  the  thorax  during  flight :  ho  also  speaks 
of  laminsB  which  lie  at  the  ^rture  of  the  spiracle ;  but  I  cannot  recognise  from  his 
description  whether  he  saw  these  or  others. 
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Whether  the  structure  and  situation  of  these  vibrating  bodies  be  the 
same  in  aU  buzzing  insects,  I  cannot  for  the  present  decide.  Another 
work^  devoted  exclusively  to  this  subject^  will  impart  all  the  details 
that  I  may  discover ;  but  for  the  present^  thus  much  is  determined. 
Delicate  laminae  are  found  at  the  entrance  of  the  posterior  spiracles  of 
the  thorax^  which  are  set  in  vibration  by  the  streaming  in  and  oat  of 
air^  and  which  are  the  cause  of  the  humming  noises  produced  by  bees 
and  flies  during  their  flight.  In  the  buzzing-beetles^  for  instanoe,  the 
cockchafer,  I  could  not  discover  such  laminae  near  the  aperture  of  the 
thoracic  spiracles,  and  in  these,  therefore,  the  outward  streaming  air 
must  be  the  sole  cause  of  the  tone ;  physics  teach  us  also  that  a  stream 
of  air  made  to  pass  through  any  aperture  with  violence  wiU  produce  a 
sound.  In  fact,  the  tone  of  the  humming-beetles  is  weaker,  pro- 
portionately, than  that  of  the  much  smaller  Diptera,  and  we  may  thence 
trace  the  cause  of  it  to  the  deficiency  of  the  vibratory  laminae. 

§271. 

The  sounds  that  are  produced  by  peculiar  organs  solely  adapted  to  the 
purpose  are  found  only  in  two  orders,  namely,  in  the  Orthopiera  and  in 
the  Hemiptera ;  in  both  cases  they  are  in  general  peculiar  to  the  male 
sex  alone,  and  the  females  are  then  dumb.  The  male  Orthopiera^  in 
which  we  observe  such  organs  of  sound,  bear  them  always  at  the  base  of 
the  superior  wings.  Among  these  the  genus  Acheta  and  Locusia 
possess  them.  In  both  it  is  a  round,  flat,  shining,  very  thin  plate, 
seated  at  the  base  of  the  wing,  immediately  behind  the  lai^  main 
nervures,  which  appear  to  produce  the  tone.  The  following  is  doubt- 
lessly its  mechanism.  By  means  of  the  violent  volatile  motions  which 
agitate  the  whole  body,  but  during  which  the  wings  are  not  expanded, 
the  air  is  driven  out  of  the  s|)iracle8,  and  especially  out  of  the  central 
ones  of  the  thorax,  and  thus  bounds  against  the  inflected  external 
margin  of  the  superior  wing,  which  is  pressed  closely  to  the  thorax. 
It  must  necessarily,  therefore,  to  find  an  exit,  rise  beneath  the  wing,  in 
order  to  escape  from  it  beneath  the  posterior  margin.  Pursuing  this 
path,  it  precisely  strikes  upon  the  just  described  elastic  field  of  the 
superior  wing,  which  vibrates  through  the  pressure  of  the  air,  and 
consequently  emits  the  sound.  To  corroborate  this  view  I  have  cat  off 
the  wings  of  several  locusts,  but  they  never  subsequently  made  any 
noise.  It  is  here,  therefore,  the  wings  or  the  vibration  of  the  elastic 
base  of  the  wings,  which  produces  the  sound  upon  the  motion  of  the 
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wings.  The  shrill  tones  of  the  grasshoppers^  locnsts^  and  field  crickets 
are  therefore  tolerably  alike,  varying  merely  in  intensity*  The  tone 
of  the  cricket  is  probably  the  weakest^  and  that  of  the  grasshopper 
perhaps  the  strongest.  According  to  Kirby  and  Spence  *  the  mole 
cricket  is  said  to  prodace  a  dull  tone  resembling  that  of  the  goat-sucker, 
but  I  never  heard  it ;  and  in  the  insect  itself  I  have  not  been  able  to 
find  anything  analogous  to  a  vocal  organ. 

In  the  remaining  Orthopiera  which  possess  a  voice,  namely,  in  the 
genus  GryUus,  Fab.  (Acrydhtm,  Lat.),  it  is  equally  found  in  both  sexes. 
The  organs  which  produce  it  lie  at  the  base  of  the  abdomen,  upon  its 
first  segment,  one  on  each  side,  immediately  behind  the  first  abdominal 
spiracle.  Each  presents  itself  as  a  half  moon-shaped  cavity,  closed  at 
its  base  by  a  very  delicate  membrane,  which  is  sometimes  wholly  free 
(GryUui  9tridului)f  and  at  others  half  covered  by  a  triangular  plate, 
projecting  from  the  anterior  margin.  Close  to  the  anterior  margin  of 
this  fine  membrane  there  is  a  small,  brown,  homy  spot,  upon  which 
internally  a  delicate  muscle  is  inserted,  that  runs  over  to  a  projection 
of  the  external  homy  plate  which  lies  over  and  in  front  of  the  margins 
of  the  spiracle.  By  means  of  this  small  muscle  it  is  made  to  vibrate* 
and  consequently  sound,  when  the  whole  body  is  agitated  by  the 
volatile  motions.  The  sound  thus  produced  is  increased  by  a  large  air 
bladder,  resembling  a  distended  trachea,  lying  beneath  the  fine  mem- 
brane, which  re-echoes  the  sound  like  a  sounding-board.  But  the  tone 
thus  produced  is,  however,  weak,  but  it  is  loudest  in  the  thence  named 
GryUus  stridulu9j  and  possesses  no  other  differences  than  in  intensity 
and  weakness.  Formerly  it  was  thought  that  the  friction  of  the  pos- 
terior thighs  against  the  wings  was  the  sole  cause  of  the  chirping  of 
these  creatures,  an  opinion  founded  upon  the  contemporaneous  motion 
of  the  wings  and  hind  1^.  Indeed,  such  a  friction  of  the  hinder 
femur  against  the  inflected  margin  of  the  superior  wing  appears  to 
participate  in  the  mechanism  of  the  sound,  for  even  after  the  death  of 
the  creature  I  could  produce  a  similar  but  much  weaker  sound  by 
robbing  those  parts  together.  Thus  the  allied  genus  Acrydium,  F., 
(^Tettix^LatJ)  appears  to  produce  the  weak  tone  which  it  emits,  for  it 
has  no  vocal  organ  like  Gryllus,  The  African  genus  Pneumora,  Lat., 
also  is  said  to  produce  a  sharp  chirping  noise  by  the  friction  of  the 
femur  against  the  abdomen,  or  small  ridges  seated  upon  it.  De  Geer 
even  detected  the  vocal  organ  of  Gryllui,  and  considered  it  as  such, 

*  Introd.  Tol.  ii. 
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but  he  did  not  dearly  comprehend  its  true  mechanism  *  during  chirp* 
ing.    Joh.  Miiller  has  latterly  described  it  as  an  auditory  organ  f . 

It  is  in  the  iiamily  of  the  Cicada,  namely^  the  larger  ones  (  Tetiigtmia^ 
Fabr.,  Cicada,  Lat.)  that  the  voice  attains  its  highest  degree.  In 
these  creatures  also  we  find  the  voice  possessed  exclusively  by  the 
males,  and  it  is  produced  by  an  organ  that  has  the  greatest  resem- 
blance to  that  of  the  GrylU.  In  these  it  is  also  an  elastic  membrane, 
which  is  longitudinally  folded  and  stretched  over  an  oval  homy  ring 
seated  immediately  behind  the  first  laige  spiracle  of  the  abdomen, 
which,  by  a  peculiar  muscular  apparatus,  is  made  to  vibrate.  To  each 
of  these  elastic  membranes  a  strong  conical  muscle  runs,  which,  with 
its  broad  basal  surface,  is  attached  to  a  plate-shaped  horny  tendon,  the 
short  pedicle  of  which  is  in  connexion  with  the  drum,  and  which  ori- 
ginates at  a  central,  furcate,  homy  process  of  the  ventral  plate  of  the 
second  abdominal  s^ment,  the  analogue  of  the  furcate  process  of  the 
breastplates.  This  muscle,  together  with  the  membrane,  constitutes 
the  vocal  organ.  If  the  abdomen,  by  the  respiratory  motion,  be  expanded 
or  contracted,  this  muscle  likewise  stretches,  whereby  the  membrane  is 
made  to  vibrate,  and  consequently  resound.  The  sound  is  increased,  as 
in  the  GrylU,  by  means  of  a  large  air  bladder,  which  lies  at  the  lateral 
portion  of  the  abdomen,  and  which  closely  covers  the  muscle  as  well  as 
the  membrane.  In  this  cavity  the  sound  rebounds,  and  thus  proceeds 
more  strongly  from  the  insect.  As  external  organs,  there  are,  in  addi- 
tion to  this  vocal  organ,  some  other  parts  which  serve  as  a  cover  to  it, 
but  which  are  not  of  importance  to  the  production  of  the  voice,  namely, 
two  half  circular  horny  plates,  which  spring  from  the  margin  of  the 
horny  integument  in  front  of  the  dram,  and  more  or  less  cover  it ;  also 
beneath  the  drum  in  the  centre  of  the  ventral  plate  of  the  segment 
behind  the  coxse  of  the  posterior  legs  there  are  two  snuiU,  oval,  trans- 
parent fenestrations  filled  by  a  tense  membrane,  but  which  likewise 
appear  to  stand  in  no  direct  causal  connexion  with  the  voice.  In  the 
female  also  these  little  fenestrations  are  found,  although  less  perfect,  as 
well  as  the  external  valves  which  cover  the  drum ;  but  there  is  not  the 
least  trace  of  this  itself,  nor  of  the  muscle  which  moves  it.  The  air- 
bladder  the  female  likewise  possesses,  but  it  is  smaller  than  in  the 
male:^. 

*  M^moira,  toI.  iii  p.  471,  PI.  XXIII.  f.  2  and  3. 
i*  Zur  rergl.  Physiol,  der  Gcaiehtninne,  p.  438. 

X  Compara,  upon  this  vocal  organ,  the  TreaUse  of  CaruB  in  the  Analektcn  xur  Natui- 
wuficnBchaft  und  Heilkondc.     Dwsdon,  1829.  8to.  p.  151. 
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At  the  close  of  this  description  of  the  several  organs  whereby  insects 
produce  peculiar  sounds^  we  stiU  have  to  speak  of  the  sound  and  the 
mechanism  that  produces  it  in  a  Lepidoplerous  insect,  the  well-known 
death*s  head  moth  (Acherontia  airopos,  O.),  which  it  emits  upon  being 
touched  or  disturbed.  Reaumur  and  Rossi  were  both  acquainted  with 
the  plaintive  cry  of  this  moth,  and  expressed  their  opinion  that  it  pro- 
ceeded from  the  friction  of  the  topgue  against  the  palpi.  More  recently, 
the  experiments  which  Passerini  has  made  to  ascertain  the  organ  which 
produces  this  sound  have  proved  that  it  must  lie  somewhere  in  the 
head.  He  found  a  cavity  in  the  head  which  has  connexion  with  the 
fdse  canal  of  the  tongue  (or  rather,  it  should  be  said,  with  the  central 
canal  formed  by  the  application  of  the  two  halves  of  the  proboscis 
together),  and  about  the  entrance  to  which  muscles  lie  which  rise  and 
sink  alternately,  and  by  these  motions  drive  the  air  out  of  it  and  re- 
admit it.  I  do  not,  however,  distinctly  see  how  the  mere  streaming  in 
and  out  of  air  could  produce  so  loud  a  noise,  if  at  the  entrance  there 
be  not  some  body  made  to  vibrate  by  its  passage.  Such  must  therefore 
be  shown  to  exist,  to  explain  fully  the  mechanism  whereby  the  death's 
head  moth  produces  its  plaintive  cry.  I  have  not  yet  possessed  a  living 
individual  of  this  otherwise  not  uncommon  moth,  I  can  therefore  sav 
nothing  from  my  own  experience ;  according  to  Duponchel  *,  whom 
we  have  to  thank  for  the  communication  of  Passerini's  observations, 
there  is  a  delicate  membrane  stretched  between  the  eyes  and  the  base  of 
the  proboscis,  which  certainly  might  be  the  cause  of  the  sound  if  we 
adopt  that  the  above  cavity  immediately 'adjoins  it,  and  that  it  is  made 
to  vibrate  by  the  air  passing  to  and  fro.  Duponchel  found  this  mem- 
brane also  in  Sphinx  Convolvuli,  which,  however,  produces  no  such 
sound ;  but  then  the  internal  cavity  may  be  wanting  whereby  the  faculty 
of  causing  the  membrane  to  vibrate,  as  in  the  death's  head,  is  lost,  and 
it  is  consequently  dumb.  Passerini  purposes  making  his  observations 
public,  which  will  then  doubtlessly  spread  more  light  over  this  inter- 
esting subject.  Thus  much,  however  is  certain,  that  the  death's  head 
moth  makes  a  peculiar  plaintive  cry,  which  is  produced  by  a  particular 
organ  seated  in  the  head. 

*  See  Annales  des  Sdenoes  Naturellos,  torn.  xiii.  p.  332  (Mar.  1828),  and  Heiuuigcr 
Zetbihriftlur  die  Oig.  Phys.  toL  u.  part  It.  p.  442. 
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SIXTH  CHAPTER. 

OF   SENSATION  AND    THE   SENSES. 


§272. 

Thb  functions  of  the  nervous  system  are  certainly  among  the  most 
problematical  of  all  the  animal  organs.  Even  in  the  higher  animals^ 
in  which  observation  is  more  easy^  and  it  has  to  contend  with  fewer  diffi- 
culties, much  still  remains  in  impenetrable  obscurity,  notwithstanding 
the  light  that  has  been  given  in  modem  times  to  this  portion  of  phy- 
siology ;  it  will  therefore  strike  us  as  less  singular  if  the  most  general 
phenomena  of  the  functions  of  the  nervous  system  of  the  lower  animals 
have  not  been  satisfactorily  explained.  We  move  here  in  a  field  where 
simple  experience  frequently  quits  us,  and  a  wider  space  is  given  to 
the  fBuicy  for  its  hypotheses  and  inventions.  Yet  we  will  keep  ourselves 
as  far  as  possible  from  this  frequently  misguiding  conductress,  and  only 
endeavour  to  explain  what  our  own  experience  and  that  of  others 
enables  us  to  do  satisfactorily. 

It  accordingly  appears  confirmed  that  the  nervous  system,  and  chiefly 
the  first  chief  ganglion  or  the  brain,  is  the  truly  animating  element 
which  sets  all  the  other  organs  in  activity,  and  retains  them  in  it. 
From  the  nervous  s]r8tem  the  muscle  derives  the  irritability  which  puts 
it  in  action ;  by  means  of  the  nerves  the  intestinal  canal  is  excited  to 
digestion^  and  by  the  impulse  of  the  same  organs  the  sexual  parts 
exercise  the  function  appointed  to  them*  Lastly^  the  nerve  is  the 
recipient  and  conductor  of  all  immediate  perceptions  of  external  objects, 
and  consequently  the  seat  of  sensation  in  general.  Experience  corro- 
borates all  these  assertions.  With  respect  to  the  effect  of  the  nerves 
upon  the  muscles,  we  know  from  Bengger's  *  experiments,  that  afber 
the  nervous  cord  has  been  cut  through  at  any  part,  the  portion  of  the 
body  which  lies  beyond  that  spot  can  exhibit  no  more  motion.  Rengger 
repeated  this  experiment  in  different  kinds  of  caterpillars,  some  of 
which  he  cut  through  at  a  higher  and  others  at  a  lower  part  of  the 

*  PbjBiologiiche  Untenuchangen,  &c  p.  41. 
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rentral  cord,  and  the  same  result  always  ensued.  The  legs  which  lay 
behind  the  scission  no  longer  executed  their  function,  but  appeared  as 
dead.  The  s^ments  of  the  body  also  became  flaccid  and  motionless^ 
and  only  at  isolated  spots  catchings  of  the  muscles  were  to  be  observed. 
If  the  caterpillar  were  now  carefully  opened  it  was  seen  that  the 
jxwterior  portion  of  the  stomach,  namely,  that  which  lay  beyond  the 
scission,  no  longer  exercised  its  peristaltic  motion,  and  that  its  contents 
no  longer  passed  into  the  ilium,  and  also  that  the  indigestible  remains 
contained  in  this  portion,  as  well  as  in  the  colon,  were  no  longer  ejected, 
but  that  entire  part  of  the  intestine  appeared  lifeless.  The  anterior 
portion  acted  however  as  usual ;  the  caterpillar  still  ate  and  crept  about 
with  its  interior  legs  as  if  fully  enjoying  its  preceding  state,  dragging 
its  insensible  lamed  posterior  portion  along  with  it.  If,  lastly,  the 
scission  which  separated  the  nervous  cord  were  very  near  the  head,  so 
that  thereby  the  lamed  portion  considerably  preponderated  over  that 
still  capable  of  motion,  the  latter  was  likewise  hindered  in  the  full 
exercise  of  its  function,  the  caterpillar  could  then  no  longer  crawl, 
although  it  exerdsed  the  requisite  motions  with  its  anterior  1^,  yet 
the  preponderating  lame  posterior  portion  prevented  its  moving  from 
the  spot.  Upon  the  nervous  cord  being  separated  at  so  high  a  spot  the 
vital  system  was  considerably  affected,  and  the  caterpillar  soon  ceased 
to  live,  but  the  further  backwards  the  cut  was  made  the  longer  the 
caterpillar  lived,  and  the  less  was  the  exercise  of  its  functions 
disturbed. 

The  irritability  of  the  muscles  beyond  the  point  of  separation  was 
not  yet  wholly  lost  by  the  cutting,  they  speedily  contracted  after  con- 
siderable pressure,  but  immediately  became  flaccid  upon  the  removal 
of  the  exciting  cause.  The  motion  of  the  stomach  also  continued  at  its 
superior  extremity,  even  when  the  nervous  cord  was  cut  through 
between  the  second  and  third  pairs  of  1^,  as  this  portion  of  the 
stomach  received  its  own  nerves  from  the  pharynx ;  but  if  this  nerve 
running  from  the  pharynx  was  separated  the  peristaltic  motion  of  the 
anterior  portion  of  the  stomach  likewise  ceased,  and  the  entire  function 
of  digestion  suddenly  stopped. 

Hence  the  brain  appears'the  true  seat  of  the  animating  forces,  which 
are  transmitted  from  it  by  means  of  the  nerves  to  the  most  remote 
organs.  The  more  distant  therefore  from  the  brain  the  wound  takes 
place,  the  less  is  the  disturbance  that  it  occasions  to  the  system,  but 
the  closer  to  the  l^rain  the  more  fatal  is  the  operation. 
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But>  to  obtain  a  positive  result^  Rengger  now  made  his  experiments 
immediately  upon  the  brain  itself.  He  first  laid  it  bare,  and  by  some 
further  incisions  he  removed  it,  and  carefully  closed  the  wound.  The 
creature  made,  even  during  the  operation,  several  convulsive  motions  of 
the  whole  body,  which  continued  for  a  space  of  time  after  the  removal  of 
the  brain,  but  then  ceased,  upon  which  the  body  appeared  as  in  a  para- 
lysed state ;  the  caterpillar  could  no  longer  eat,  could  no  longer  walk,  bat 
stru^led  first  forwards  and  then  on  one  side  or  the  other ;  the  peris- 
taltic motion  of  the  stomach  disappeared,  and  only  here  and  there  did  a 
fasciculus  of  muscles  still  catch.  But,  just  as  in  the  preceding  expe- 
riments, the  muscles  retained  their  individual  irritability,  and  reacted 
upon  the  application  of  stimulants.  Rengger,  that  he  nught  avoid 
the  hemorrhage  and  other  violent  efiects  which  necessarily  occur  in 
such  operations,  wounded  and  removed  the  brain  with  a  red  hot  needle, 
but  still  the  loss  was  accompanied  by  the  same  phenomena. 

§  273. 

Treviranus*  observations  *,  however,  do  not  harmonise  with  tlie  con- 
clusion deducible  from  the  preceding  communications  of  an  important 
preponderance  of  the  brain  over  the  other  ganglia.  He  saw  a  Carabus 
granulatus  after  its  head  was  cut  ofi^  still  run  about  and  seek  a  way  to 
escape  by ;  even  after  the  removal  of  its  prothorax  the  creature  exer- 
cised its  former  voluntary  motions,  until,  upon  the  removal  of  the  meso- 
thorax,  they  died  away  in  irregular  catches.  The  head  of  Ttibanus 
bovinus  was  cut  ofiT,  and  it  was  then  laid  upon  its  back,  when  it  made 
every  possible  endeavour  to  resume  its  usual  position,  and  laid  hold  of 
a  pencil  ofivred  it,  and  thereby  crept  up.  Other  insects,  which  were 
injured  only  upon  one  side,  directed  their  motions  towards  the  un- 
wounded  side.  Thus  an  Orgyia  pudibunda,  O.,  of  which  the  left  an- 
tenna was  cut  ofl^,  kept  running  in  a  circle  towards  the  right  side,  aad 
continued  this  motion  even  when  it  had  lost  the  entire  left  side  of  its 
head ;  when,  however,  the  whole  head  was  removed,  the  creature  made 
violent  exertions,  running  in  circles,  sometimes  on  one  side,  sometimes 
on  the  other.  The  same  moth  lived  three  days  without  its  head,  and 
continued  to  move  its  wings  violently  until  its  death.  A  different 
result  was  however  produced  when  Treviranus  removed  the  antenna  of 
a  waspi  for  it  moved  indifferently  on  both  sides.    Mschnafordpata 

*.  Das  QrganiKhe  Leben,  vol.ii.  part  i.  p.  192.  ^      ^ 
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also  li7ed  four  days  withoat  its  head^  and  even  evacuated  excrement 
during  this  period^  but  it  could  no  longer  move  its  wings^  and  was 
sensible  only  to  pressure  made  at  its  caudal  extremity.  Treviranus 
also  dtes  an  experiment  of  Walckenaer,  in  which  Cerceris  ornata  had 
its  head  cut  off  just  as  it  was  entering  the  cells  of  Halictus  terebrator, 
when  it  still  continued  its  endeavours^  and  even  turned  round  towards 
the  hole  upon  being  placed  in  a  contrary  direction. 

§274. 

To  endeavour  to  harmonise  these  discordant  results^  or  rather^  to 
ascertain  to  which  the  preference  was  truly  to  be  given,  1  myself  insti- 
tuted the  series  of  experiments  which  follow. 

Among  the  Coleoptera  it  was  chiefly  the  water-beetles,  viz.  Dyticus 
sulcatum  and  cinereus,  which  I  made  use  of.  I  first  took  the  male  D. 
cinereus,  and  cut  off  its  head,  but  the  crop  and  proventriculus  were  also 
thereby  removed  from  the  body  ;  from  the  very  instant  it  totally  ceased 
all  voluntary  motion,  but  upon  pinching  the  feet  severely  with  a  pair 
of  pliers  a  strong  reaction  of  the  muscular  irritability  was  produced ; 
the  posterior  legs  immediately  made  three  or  four  swimming  motions, 
but  they  then  remained  in  their  preceding  lifeless  and  gently  bent 
position.  This  reaction  continued,  but  constantly  decreasing  in  force, 
for  about  half  an  hour,  after  which  the  severest  pinching  was  not  able 
to  produce  it. 

I  opened  the  breast  of  a  lively  female  Dyticus  sulcaius,  between  the 
second  and  third  pairs  of  legs,  so  that  the  nervous  cord  was  laid  bare. 
With  a  pair  of  pliers  I  now  laid  hold  of  the  nervous  cord,  and  removed 
it ;  the  left  posterior  leg  was  immediately  lamed,  but  the  right  one 
and  all  the  four  anterior  1^  still  exercised  their  voluntary  motions, 
and  the  creature  could  still  tolerably  swim  when  thrown  into  the 
water.  When  placed  upon  its  back,  the  contractions  of  the  muscles 
were  distinctly  seen.  These  continued  for  about  an  hour,  the  posterior 
legs  then  lost  all  motion,  and  even  their  irritability,  whilst  the  anterior 
ones  still  possessed  it,  but  yet  a  decrease  of  animation  \i'a8  clearly  seen, 
and  in  about  three  hoturs  afterwards  it  was  completely  dead. 

In  another  male  Dyticus  sulcatus  I  separated  the  nervous  cord  close  to 
the  soft  connecting  membrane  between  the  pro-  and  meso-thorax  ;  in 
the  course  of  a  few  seconds  the  motion  of  the  four  posterior  legs  ceased, 
whilst  the  anterior  ones  retained  their  perfect  mobility,  but  signs  of 
irritability  still  presented  themselves.    The  anterior  legs,  even  after 
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four  hours,  still  exercieed  their  voluntary  motionSj  although  with  less 
vivacity^  but  in  the  evening  the  insect  was  dead. 

In  a  fourth  perfectly  animated  male  Dyiicus  sulcatus,  by  an  indsion 
which  removed  the  horny  int^ument  of  the  head,  I  laid  the  brain  bare. 
Immediately  much  yellowish  brown  green  blood  streamed  forth ;  it  was 
perfectly  dear  and  viscid,  and  covered  the  entire  wound,  and  stood 
upon  the  naked  part  like  a  drop  of  water.  I  thus  allowed  the  insect  to 
go ;  it  retained  its  complete  motion,  but  moved  all  its  limbs  slowly  and 
convulsively  as  if  severely  injured.  I  now  removed  the  brain  by  means 
of  pliers ;  the  insect  immediately  became  motionless  as  dead,  and  did 
not  move  a  single  joint  as  long  as  it  lay  upon  its  belly.  Upon  my 
teasing  it,  after  about  a  minute  it  endeavoured  to  ding  with  its  legs, 
but  this  motion  appeared  to  proceed  rather  from  the  irritability  of  the 
muscles  than  from  its  own  volitidn.  I  now  laid  it  upon  its  back,  and 
it  directly  made  its  usual  swimming  motions,  during  which,  as  when 
swimming,  the  anterior  pair  were  drawn  closdy  up  to  the  breast.  These 
motions  lasted  uninterruptedly  as  long  as  the  insect  lay  upon  its  bock  ; 
if  I  laid  it  upon  its  belly  they  ceased,  and  the  insect  again  moved  no 
limb.  I  now  cast  it  into  the  water,  when  it  swam  upon  the  surface 
with  the  greatest  rapidity,  impelled  by  incessant  natatory  strokes, 
striking  all  its  comrades  that  it  met  on  one  side  by  the  vidence  of  its 
motions,  and  continued  thus  uninterruptedly  for  about  half  an  hour. 
It  did  not,  however,  descend  to  the  bottom,  nor  did  I  see  any  respiratory 
action  in  its  abdomen.  After  this,  upon  the  gradual  decrease  of  the 
force  of  its  strokes,  it  lay  upon  the  surface  with  distended  1^,  but 
displayed  irritability  upon  the  1^  being  pinched;  lastly,  towards 
evening,  the  experiment  having  been  made  about  ]  1  a.  m.,  all  life  had 
vanished. 

The  brain  was  similarly  laid  bare  in  a  female  Dyticus  tulcahu,  but 
the  indsion  passed  obliquely  through  the  right  eye,  and  wounded  its 
right  hemisphere,  whereby  the  insect  lost  the  voluntary  motion  of  the 
left  posterior  foot.  I  now  removed  the  brain  entirdy,  and  the  insect 
became  instantly  lifdess,  but  in  the  course  of  a  few  seconds  the  legs 
recovered  thdr  motion,  but  not  to  tlie  same  extent  as  in  the  preceding 
experiment.  Cast  into  the  water,  this  female  did  not  swim  like  the 
former  insect,  but  lay  with  extended  legs,  moving  with  a  catch  some  of 
its  jdnts ;  these  motions  could  be  perceived,  even  after  an  hour,  upon 
effective  excitement,  but  towards  evening,  as  in  the  preceding  experi- 
ment, the  beetle  was  perfectly  dead. 
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With  grasshoppers  I  have  made  the  following  experiments. 

A  small  Gryllui  (Actydium,  Lat.)  I  opened  in  the  breast,  between 
the  intermediate  and  posterior  thighs,  and  removed  the  large  ganglion 
lying  there.  The  insect  thereby  immediately  lost  the  mobility  of  the 
posterior  extremities,  and  was  also  very  much  enfeebled,  but  yet 
crept  about  by  means  of  its  four  anterior  legs.  Having  accidentally 
soiled  its  antennse,  it  made  stroking  motions  towards  them  with  its 
left  anterior  leg  to  cleanse  them,  and  upon  my  taking  it  up  by  them, 
it  made  very  active  exertions  with  the  anterior  1^  to  free  itself. 
I  now  made  an  incision  in  the  same  individual  through  the  mem- 
brane of  the  neck,  whereby  the  nervous  cord  was  separated,  but 
the  oesophagus  not  injured.  The  creature  at  first  still  moved  its 
anterior  1^,  and  in  them  there  was  a  powerful  reaction  upon  pressure, 
and  it  trembled  for  a  time  afterwards,  but  otherwise  exhibited  few 
signs  of  life ;  it  lay  lifeless  upon  one  side ;  it  did  not  even  lie  upon 
its  belly ;  but  yet  there  were  still  catchings  in  the  feet  when  nipped 
with  the  tweezers,  but  not  in  the  large  posterior  thighs.  In  ten  minutes 
the  motion  of  the  legs  considerably  decreased,  and  in  half  an  hour  the 
animal  was  entirely  dead. 

A  second  somewhat  larger  and  also  very  active  GryUus  I  agsun  cut 
through  the  membrane  of  the  neck ;  the  insect,  immediately  after  the 
incision,  made  violent  movements  with  its  thighs,  which  cast  off  one  of 
its  posterior  1^;  the  other  legs  exhibited  irritability  as  often  as  I 
pinched  them,  but,  after  the  lapse  of  a  minute,  it  lost  all  voluntary 
motion,  it  could  no  longer  walk,  and  remained  quietly  lying  upon  its 
side  when  so  placed.    In  half  an  hour  it  was  dead. 

I  have  besides  made  experiments  in  Diptera,  namely,  in  some  species 
oiErisiaUs. 

I  separated  the  nervous  cord  of  a  lively  EristalU  nemorum,  closely  in 
front  of  the  middle  1^ ;  those  legs  immediately  lost  their  motion  as 
well  as  the  right  posterior  1^,  but  it  still  crept  about  by  means  of  its 
anterior  1^  and  left  posterior  one.  These  motions  continued,  but  its 
course  was  not  straight,  but  inclining  obliquely  to  the  left.  I  now 
made  the  incision  deeper,  to  be  perfectly  convinced  that  I  had  thoroughly 
separated  the  nervous  cord.  The  left  posterior  leg  now  lost  its  motion, 
but  the  fly  still  crept  with  its  anterior  pair,  but  it  could  no  longer  fly, 
as  was  the  case  upon  the  first  incision.  I  now  cut  off  its  head ;  imme- 
diately all  the  motion  of  its  anterior  legs  ceased,  but  the  proboscis  of 
the  separated  head  still  throbbed  when  I  drew  it  from  the  cavity  of  the 
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mouth.     These  catchings  continued  for  a  quarter  of  an  hoor^  but  the 
body  was  entirely  dead. 

In  another  lively  Eristalis  nemorum  I  made  an  incision  transversely 
through  the  eyes^  and  seriously  injured  the  brain  ;  the  insect,  however, 
still  retained  the  perfect  mobility  of  all  its  legs,  and  crept  about,  although 
but  slowly ;  shortly,  however,  its  strength  decreased,  it  reposed  quietly, 
and  but  slightly  moved  upon  excitement ;  in  an  hour  it  was  quite  dead, 
but  still  displayed  slight  irritability  of  the  muscles  upon  violent  external 
excitement. 

§  275. 

From  these  experiments,  and  those  communicated  by  Rengger,  we 
may  deduce  the  conclusion,  that  after  the  separation  of  the  nervous 
cord  at  any  part,  the  voluntary  motion  of  the  organs  seated  beyond  the 
point  of  incision  is  lost,  but  that  the  irritability  of  the  muscles,  that  is 
to  say,  their  power  of  re-action  upon  external  excitement,  is  retained 
by  these  organs  as  long  as  life  is  still  present,  but  that  it  disappears 
with  it.  It  thenoe  consequently  follows  that  the  nerve  passing  to  the 
muscle  supplies  the  place  of  external  excitement,  and  that  therefore 
the  will  can  act  upon  the  muscles  only  through  the  medium  of  the 
nervous  system.  These  experiments  also  confirm  the  assertion  so  fre- 
quently repeated,  that  the  brain  is  the  principal  of  all  the  ganglia,  and 
that  the  causes  of  all  the  vital  phenomena  exist  in  it,  and  proceed  from 
it.  The  instance  in  which  the  male  Dyiicus  swam  about  a  considerable 
time  after  the  removal  of  its  brain  appears  to  contradict  this  conclusion, 
but  I  am  still  very  strongly  inclined  to  perceive  nothing  but  irrita- 
bility in  the  rowing  of  the  feet.  The  entire  uniformity  of  the  motion 
speaks  strongly  in  favour  of  this  opinion,  as  well  as  the  circumstance 
likewise  that  the  beetle  deprived  of  its  brain  did  not  execute  these 
motions  so  long  as  it  lay  upon  its  belly  on  a  dry  surface.  We  may  also 
deduce  from  these  experiments,  that  still  for  a  short  time  after  the 
removal  of  the  brain,  not  merely  signs  of  life  but  even  proofis  of 
voluntary  motion  present  themselves,  which  are  the  stronger  the 
more  imperfect  the  injury  to  the  brain  may  be.  We  may  here  class 
also  the  experiments  made  by  Treviranus,  but  I  doubt  their  entire 
accuracy.  How  could  a  beetle  seek  ways  to  escape  when  aU  the 
organs  whereby  it  might  perceive  such  opportunities  were  removed  from 
it?  Walckenaer's  observation  is  more  probable,  that  the  Cerceris 
repeated  several  times  its  preceding  endeavours  after  the  loss  of  its 
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liead ;  it  was  merely  a  continuation  of  the  undertaking  resolved  upon 
previously  to  the  mutilation,  but  which,  however,  could  only  continue 
as  long  as  the  remainder  of  the  nervous  cord  still  conveyed  the  excite- 
ment impressed  upon  it  by  the  wiU  ;  that,  however,  after  the  alteration 
of  the  direction  of  the  motion  the  wasp  absolutely  resumed  its  previous 
position,  I  very  much  doubt,  it  is  improbable  in  every  case,  and  my  expe« 
riments  do  not  tend  to  substantiate  it.  Treviranus'  remark  also,  that  the 
Orgyia  lived  for  three  days  after  the  loss  of  its  head,  excites  just  sus- 
picion, for  in  all  similar  experiments  of  mine  life  had  perfectly  vanished 
in  the  course  of  a  few  hours.  But  I  am  acquainted  with  other 
instances  in  which  the  Noctu€P,  after  having  been  killed  with  red  hot 
needles,  and  extended  upon  the  setting-board  for  a  week,  have  not  only 
moved  the  abdomen  upon  the  application  of  an  excitement,  but  still 
also  continued  to  lay  eggs.  I  think  the  reason  of  this  may  be  found  in 
the  independent  irritable  life  of  the  sexual  organs,  which,  excited  by 
the  continual  stimulus  of  the  ^gs  contained  within  them,  continue 
laying  them,  and  as  long  as  eggi^  exist  within  them  display  signs  of 
irritability.  To  this  class,  consequently,  the  instance  cited  by  Trevi- 
ranus may  be  placed ;  life  no  longer  truly  existed,  but  merely  the  re- 
active power  of  the  sexual  organs,  and  they  did  react  when  excited  by 
external  stimulants,  but  I  consider  the  phserved  motion  of  the  wings  as 
very  doubtful ;  for  the  needle  thrust  through  the  thorax  and  the  other 
red  hot  one  would  doubtlessly  have  had  the  same  effect  as  removing  the 
ganglion  situated  in  the  thorax ;  the  red  heat  would  doubtlessly  have 
deprived  it  of  its  activity,  and  thereby  the  motion  of  the  parts  with 
which  it  supplied  nerves  would  necessarily  have  been  destroyed.  We 
frequently  observe  in  insects  thus  mutilated  a  still  continued  motion, 
for  instance,  in  the  antennae  and  the  parts  of  the  mouth,  when  the 
1^  and  wings  have  entirely  lost  theirs. 

§276. 

Tlie  influence  which  the  nervous  system  exercises  upon  the  several 
organs  of  the  body  may  thus  therefore  be  generally  stated ;  we  have 
still  to  consider  more  closely  the  nerves  as  the  recipients  of  external 
excitement,  in  short,  as  the  organs  of  sensation  in  particular.  It  would 
be  difficult  to  obtain  a  satisfuctory  result  upon  this  subject  by  experi- 
ments upon  insects,  for,  although  we  perceive  that  they  are  sensible  to 
cstemal  excitement,  yet  we  cannot  distinctly  prove  that  they  receive  these 
sensations  through  the  nerves.     We  can  maintain  nothing  further  with. 
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certainty  than  that  in  insects  similar  organs  are  found,  to  those  whereby 
the  higher  animals^  and  particularly  man,  feels,  and  that  there- 
fore, by  means  of  these  organs,  insects  likewise  perceive  the  presence 
and  quality  of  the  external  objects  which  their  body  touches.  But  we 
know,  upon  the  other  side,  by  means  of  direct  observations,  that  insects 
do  feel,  and  we  may  therefore  deduce  from  the  preceding  opinion, 
founded  upon  analogy  and  these  observations,  that  the  nerves  of  insects 
are  likewise  the  organs  of  sensation. 

Observations  confirmatory  of  the  presence  of  sensation  in  insects 
daily  offer ;  we  have  but  to  look  at  some  creeping  insect,  and  observe  how 
it  convinces  itself  of  the  presence  of  an  object  by  touching  it  with  its 
antennae,  and  then  carefully  avoiding  it ;  and  besides,  insects  that  are 
reposing  are  disturbed  from  their  repose  by  any  ungentle  touch,  and 
upon  a  repetition  of  the  disturbance  quit  the  spot  3  and  lastly,  pupa, 
upon  the  least  touch,  and  by  their  rapid  and  serpentine  motions, 
instantly  evince  a  feeling  of  displeasure.  In  many  pups  the  sensation 
of  inimical  influence  is  so  delicate  as  scarcely  to  be  credible ;  the  mere 
opening  of  a  box  in  which  they  may  have  been  placed  disturbs  them, 
and,  indeed,  some  of  the  slightly  clothed  pupa  of  the  Coleoptera,  whose 
natural  situation  is  beneath  the  earth  or  in  dark  situations,  instantly 
move,  and  with  considerable  force,  if  a  ray  of  light  be  allowed  to  £Edl 
upon  them,  but  they  are  peculiarly  sensitive  to  bright  sunshine. 

But  we  are  most  distinctly  convinced  of  the  sensation  of  insects  upon 
impaling  them  for  the  collection.  Even  the  mere  pressure  of  the  pin 
produces  unpleasant  sensations,  which  the  insect  expresses  by  the  rapid 
and  painful  motion  of  its  limbs ;  upon  its  point  proceeding  still  further 
the  expression  of  disagreeable  feeling  increases  by  its  more  rapid  and 
unnatural  contortions,  and  I  have  frequently  observed,  that  at  the  mo- 
ment when  probably  the  pin  passed  through  the  ganglion,  and  when  the 
insect  appeared  as  it  were  suddenly  lamed  by  its  excessive  pain,  it 
extended  all  its  limbs,  and  even  its  oral  organs,  and  then  ceased  for 
some  seconds  all  motion.  This  motion  continues  for  some  space  of 
time,  frequently  from  a  week  to  a  fortnight,  as  long  as  the  insect  is 
teased,  but  it  does  not  appear  to  happen  in  repose,  or  if  the  insect  be 
enclosed  in  a  dark  situation,  at  least  I  have  observed  many  instances 
in  which,  under  such  circumstances,  the  insect  did  not  move.  Henoe, 
as  well  as  from  the  subordinate  sensibility  of  the  nervous  system  of  the 
lower  animals,  we  may  conclude  that  insects  thus  impaled  no  longer 
feel  any  pain,  and  that  their  motion  is  produced  merely  by  their  endea- 
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vours  to  free  themselves  from  a  disagreeable  restraint.  In  favour  of 
the  adoption  of  this  opinion  the  deficient  formation  of  the  blood  in 
insects  speaks,  in  consequence  of  which  no  inflammation  and  suppura- 
tion can  take  place.  Inflammation,  however,  or  the  immediate  touch- 
ing of  the  nerve  laid  bare,  by  the  air  or  other  extraneous  bodies,  occa- 
sions our  feeling  pain  from  a  wound,  and  as  long  as  this  irritable  con- 
dition does  not  occur  no  pain  is  felt.  This  irritable  condition,  however, 
can  never  take  place  in  insects,  they  having  no  blood-vessels  and  cellular 
membrane,  through  which  the  irritable  matter  may  transude,  but  merely 
a  lymph,  circulating  freely  in  the  body.  This  lymph  encompasses  the 
extraneous  body,  the  pin,  coagulates  around  it,  and  thus  perfectly  pro- 
tects the  nerves  from  its  influence.  According  to  this  view  the  majority 
of  impaled  insects  die  of  hunger,  and  not  by  mechanical  wounding ;  if, 
for  instance,  the  thoracic  ganglion  or  the  nervous  cord  be  not  separated ; 
for  so  serious  an  injury  to  the  nervous  system  the  preceding  experi- 
ments have  shown  must  speedily  produce  death ;  but  yet  I  would  not 
be  understood  as  approving  of  that  certainly  very  unnecessary  torture 
to  which  poor  captured  insects  are  exposed  by  the  young  and  old,  as 
objects  of  their  pleasure.  In  support  of  this  opinion  we  may  still  men- 
tion that  many  impaled  insects  still  continue  the  exercise  of  their  most 
usual  corporeal  functions ;  for  instance,  still  eat,  still  evacuate  excre- 
ment, creep  about  with  the  pin  through  them,  and  sometimes  even  fly, 
and  lastly,  the  Lepidopiera  even  copulate  in  this  state,  and,  a  still  more 
common  occurrence,  is  their  continuing  to  lay  eggs. 

§  277. 

Upon  passing  from  these  introductory  observations  upon  the  functions 
of  the  nervous  system  in  general  to  the  senses  themselves,  we  may 
maintain,  in  reference  to  these,  that  insects  are  not  deficient  in  any 
important  one  found  in  the  superior  animals.  At  the  end  of  the  pre- 
ceding division  we  described  the  organs  of  the  several  senses,  but  we 
yet  found  only  one  certain  organ  of  sense,  which,  with  few  exceptions. 
Is  discoverable  in  all  insects,  and  this  was  the  eye.  We,  nevertheless, 
endeavoured  to  discover  the  other  organs  of  the  senses,  proceeding  from 
determinate  observations  which  prove  that  insects  have  perceptions  which 
can  only  be  received  by  senses  of  touch,  taste,  smell,  and  hearing,  and  we 
then  found  several  organs,  each  individual  one  of  which  admitted  of  being 
referred  to  some  one  of  these  senses,  cither  from  analogous  situation  or 
structure  to  that  of  the  same  organ  of  sense  in  the  higher  animals,  and 
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partly  from  the  deficiency  of  a  satisfactory  proof  of  a  different  functioii 
of  the  organ.  Thus  we  recognised  in  the  palpi  organs  of  touchy  in  the 
tongue  the  seat  of  taste^  in  the  mucous  membrane  of  the  tracheae  the 
sense  of  smell,  and  in  the  antennse,  lastly^  we  discovered  the  instru- 
ments of  hearing.  The  mode  whereby  the  insect  receives  perceptions 
through  these  organs  will  certainly  not  divaricate  from  that  found  in 
the  superior  animals.  Touchy  taste,  and  smell  require  the  direct  appli- 
cation of  the  investigating  organs  to  the  investigated  object,  and  so 
soon  as  this  takes  place  the  insect  perceives.  We  have  convinced  our- 
selves by  experiment  that  an  insect  feels  objects  all  over  with  its  palpi 
which  it  wishes  to  inspect  for  food  or  other  purposes,  but  that  the 
tongue  tastes,  and  the  mucous  tunic  of  the  tracheae  smells,  can  only  be 
made  probable.  With  respect  to  the  latter,  it  is  contradictory  to  the 
views  of  very  learned  naturalists,  namely,  Kirby  and  Spence  *  and 
Treviranus,  who  both  adopt  as  the  organ  of  the  sense  of  smell  a  pecu- 
liar one  standing  in  connexion  with  the  mucous  tunic  of  the  mouth. 
With  respect  to  its  situation  above  the  mouth,  it  has  certainly  the 
analogy  of  all  the  other  animal  classes  in  fieivour  of  it>  and  their  opinion 
would  even  on  that  account  merit  entire  approbation  if  absolutely  the 
organ  of  which  these  authors  speak  could  there  be  found.  But  this  is 
not  the  case,  and  even  Treviranus  convinced  himself  by  multitude  of 
experiments  of  its  absolute  deficiency,  and  so  suggested  the  opinion  that 
the  mucous  tunic  of  the  mouth  was  likewise  the  organ  of  smell,  and 
that  therefore  the  sense  of  smell  was  especially  to  be  ascribed  to  haus- 
tellate  insects  only.  Kirby  and  Spence,  however,  to  whom  the  striking 
contrary  proof  exhibited  in  the  extremely  keen  smell  of  the  bury- 
ing beetle  was  probably  present,  decide  absolutely  in  favour  of  a 
peculiar  organ  of  this  sense,  lying  beneath  the  dypeus,  and  which 
they  call  the  nose,  and  which  borders  upon  the  mucous  tunic  of  the 
mouth.  In  the  burying  beetle  they  say  they  have  discovered  this  organ 
in  the  form  of  two  circular  fleshy  cushions,  which  are  covered  by  a  beau- 
tiful and  finely  transversely  striped  membrane;  the  same  also  in 
Dyticus  marginalis,  in  which  it  is  further  provided  with  a  pair  of 
warts;  as  also  in  (Eschna  viaiica.  But  the  investigations  of  other 
anatomists  do  not  confirm  these  discoveries.  If  such  an  organ  really 
existed  at  the  spot  indicated,  Straus  would  certainly  have  seen  it  in  the 
cockchafer;  and  I  believe  I  may  assert,  that  in  several  endeavours 

*  I^itroduct.  to  Entom.  it.  Letter  zW. 
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I  made  expressly  for  the  purpose  in  Dyiicus  marginaUs  and  Calowma 
sycophaniOy  HydrophUus  piceus,  and  Scarabaus  vernalis  that  it  must 
have  shown  itself  if  it  had  been  present  at  the  spot  mentioned.  In 
freshly  opened  insects  I  could  discover  really  nothing  of  the  kind,  and 
in  thoee  which  had  been  long  immersed  in  spirits  I  saw  the  space  in 
front  and  between  the  dypeus  and  the  most  approximate  organs  filled 
with  nothing  but  coagulated  blood.  I  cannot  therefore  determine  in 
&vour  of  Kirby  and  Spence's  opinion,  but  prefer  the  earlier  hypothesis, 
that  the  internal  surfaces  of  insects  receive  smell,  and  supply  the  place 
of  an  organ  especially  devoted  to  that  sense. 

The  majority  of  modem  physiologists  and  entomologists  agree  in 
explaining  the  antennie  as  organs  of  hearing,  as  we  have  already 
remarked.  Kirby  and  Spence*8  representation,  whose  names  were 
inadvertently  omitted  to  be  mentioned  there  as  the  authorities  for  our 
opinion,  conveys  so  much  conviction  that  we  may  almost  consider  it  as 
settled,  although  we  must  at  the  same  time  admit  that  all  the  difficulties 
are  not  yet  solved :  we  have  already  indicated  above  that  the  real  percep* 
don  of  sound  may  possibly  depend  upon  the  trembling  produced  by  the 
vibration  of  the  air  in  organs  so  easily  moved  as  are  the  antennae,  and 
we  here  repeat^  this  opinion  as  the  explanation  of  the  mode  by  which 
insects  hear.  According  to  Kirby  and  Spence,  Wollastou  suggested 
this  opinion,  and  even  supposed  that  insects  could  perceive  much  more 
delicate  tones  than  our  ears  are  capable  of  distinguishing,  from  their 
very  much  greater  irritability.  This  irritability,  however,  in  conse- 
quence of  the  much  harder  integument  in  which  insects  are  enveloped, 
can  be  possessed  only  by  the  antennae,  which  are  so  easily  moveable, 
and  which,  indeed,  in  many  insects  are  in  a  constant  state  of  motion ; 
even  the  slightest  vibration  of  the  atmosphere  must  be  sufficient  to  put 
into  motion  an  organ  of  the  structure  of  the  antennae  of  a  gnat,  and 
thereby  apprise  its  possessor  of  the  approximation  of  some  occurring 
change ;  this  is  equally  the  case  with  the  delicate  and  easily  moveable 
antennae  of  the  Grylli,  and  indeed  of  all  insects  furnished  with  long 
antennae ;  the  same  with  the  short  fan-shaped  flaps,  as  well  as  with  the 
delicately  haired  joints  forming  a  knob  in  the  antennae  of  other  insects ; 
the  very  structure  of  all  betrays  the  possibility  of  very  delicate  percep- 
tion. Organs  of  touch  they  cannot  be,  for  their  surface  is  too  hard 
and  horny,  and  besides,  all  insects  have  for  this  purpose  organs  fur- 
nished with  a  very. delicate  touching  surface.  Hence  the  mode  whereby 
insects  hear  will  necessarily  differ  from   the  hearing  of  the  superior 
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animals,  and  in  reference  to  it  we  may  possibly  be  allowed  to  surmise 
that  they  do  not  possess  the  {)ower  of  distinguishing  tones ;  but  in  oppo- 
sition to  this,  it  may  be  mentioned,  that  their  females  would  not  be  able 
to  distinguish  the  luring  tones  of  the  males  from  any  other  sounds,  and 
consequently  their  possession  of  a  means  of  indicating  their  presence 
would  not  much  serve  them  ;  and  also  the  signs  of  reoognition  among 
the  bees,  to  which  we  shall  have  occasion  to  return  below,  is  opposed 
to  it.  There  are  also  other  instances  of  a  mode  of  communication  among 
insects,  by  means  of  peculiar  sounds. 

§  278. 

The  way  in  which  insects  see  by  means  of  their  eyes  will  be  best 
explained  by  Job.  Muller's  investigations  *.  With  respect  to  simple 
eyes,  we  know,  partly  from  their  structure  and  partly  by  the  direct 
observations  of  Reaumur  t  and  Hooke,  who  closed  these  simple  eyes, 
and  then  never  detected  the  creatures  mpving  in  the  direction  of  these 
eyesy  and  that  they  only  then  flew  whither  their  compound  eyes  could 
survey  their  path,  that  these  vertical  points  are  actually  eyes.  Joh. 
Miiller  has  made  it  probable,  from  the  structure  of  these  eyes,  that 
their  refraction  must  be  very  great,  in  as  far  as  each  ray  of  light  suffers 
a  fourfold  refraction,  the  first  of  which  is  produced  by  the  convex 
cornea,  the  second  by  the  anterior  convex  surfiace  of  the  lens^  the  third 
by  the  posterior  convex  surfoce  of  the  lens,  and  the  fourth,  lastly,  by 
the  convex  surface  of  the  glassy  body  itself.  This  disposition  presumes 
an  indistinct  distant  sight,  as  the  object  is  thereby  too  great  to  be  dis- 
tinctly seen,  but  a  well  defined  and  distinct  short  sight.  And,  indeed, 
we  find  in  all  the  Arthrozoa,  which  have  merely  simple  eyes,  for 
instance,  in  the  Arachnodea,  the  power  of  sight  agreeing  with  this 
view,  for  it  is  only  closely  that  spiders  can  see  accurately,  at  a  distance 
the  object  appears  to  vanish  from  them.  If  we  apply  this  to  the  simple 
eyes  of  insects  we  shall  find  in  them,  likewise,  that  the  function  of  their 
simple  eyes  is  adapted  for  a  distinct  close  sight,  and  particularly  for  small 
objects,  which  are  difficult  for  the  large  field  of  vision  of  the  compound 
eyes  to  survey.  They  hence  appear  to  make  most  use  of  their  simple 
eyes  in  narrow  spaces,  and  as  these  simple  eyes,  as  well  as  compound 
eyes,  are  almost  exclusively  found  in  those  insects  which  feed  upon  the 

*  Zur  Veiglcichendco  Physiologic  des  Gesichtssinnea,  p.  332,  &c. 
t  M^moires  pourservir  ^  TUist.  dee  Iniectes,  torn.  v,part  i,  p.  363. 
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juices  of  flowers  or  other  v^;etable  substances,  they  may  probably  be 
of  especial  service  to  them  for  the  discovery  of  this  pabulum,  parti- 
colsrly  to  those  which  thrust  themselves  into  the  flowers  themselves, 
sod  there  seek  the  nectaries. 

The  compound  eyes  of  insects  appear  constructed  for  vision  at  greater 
distaoces,  and  to  embrace  a  wider  horizon,  and  yet  by  means  of  these 
only  are  they  enabled  to  have  a  distinct  close  sight.  They  are  so 
composed  that  each  individual  fietcet  can  survey  but  a  small  space  of 
the  entire  field  of  vision,  so  that  each  contributes  to  the  perception  of 
all  the  objects  comprised  within  that  field ;  but  each  separate  one 
does  not  at' the  same  time  see  all  such  objects,  whence  the  insect  must 
receive  as  many  forms  of  objects  in  its  eye  as  there  are  individual 
fitteto  to  the  eye.  This  consequence  of  a  common  and  yet  subsidiary 
yisioD  of  these  ^Eicets  springs  partly  from  the  immobility  of  the  eyes, 
and  partly  it  arises  from  the  circumstance  that  only  those  rays  of  light 
which  fall  in  a  right  line  upon  a  ^Miet  of  the  eye,  which  itself  forms 
the  segment  of  a  circle,  can  reach  the  optic  nerve  of  this  facet, 
vheress  all  others  are  withheld  by  the  pigment  which  partly  sep»- 
ntes  the  individual  glass  lenses  *  from  each  other,  and  partly  circu- 
larly surrounds  the  margin  of  the  crystalline  lens  beneath  the  cornea. 
Hence  it  results  that  the  nearer  the  object  is,  the  more  obliquely  do  all 
bat  the  perpendicular  rays  of  light  fail  upon  the  facet,  and  therefore 
contribute  so  much  the  less  to  the  production  of  the  image ;  the  object 

*  Trerinnui,  eyen  in  his  latest  work  (Getetze  und  Enchemnngen  des  Oi^ianiachen 
Ulwiii,  nen  dusMtellt,  vol.  ii.  Pt«  1,  p.  77),  denies  the  presence  of  this  glass  lens  in  the 
tju  of  sU  inseets.  Joh.  M'dller  has  so  &r  modified  his  earlier  assertion  that  the  Dipiera 
in  lien  of  it  exhibit  beneath  the  cornea  a  transparent  crystalline  layer,  which  beneath  each 
&cet  of  the  cornea  stands  in  connexion  with  a  filament  of  the  optic  nerve,  but  that  in  all 
iniects  there  is  either  a  true  crystalline  lens  or  something  analogous.  According  to 
Trarinnns,  the  lenses  serve  ^  to  shorten  the  distance  of  the  concentrated  rays  from  the 
(iifiaions  of  the  cornea  to  the  extreme  ends  of  the  filaments  of  the  optic  nerve,  there  where 
th«  tight,  owing  to  these  divisions,  is  but  slightly  refiracted,  and  the  refracted  rays  form  a  very 
long  aich.^  Bat,  according  to  Job.  Mailer,  their  object  appears  to  be  rather  to  concentrate 
into  one  pmnt  the  rays  falling  in  a  right  line.— JSut  the  observation  communicated  by 
Treviraaus  is  more  important,  namely,  that  the  filaments  of  the  optic  nerve  proceed  at  first 
from  the  clavaie  optic  nerve  itself  in  laige  stems,  whence  subsequently  radiating  branches 
diTaricate,  as  has  been  figured  by  Straus  in  the  cockchafer  (PI.  IX.  t  6).  In  (Etchna 
JarciptUa  he  even  saw  the  nerves  run  panllely  to  the  plate  which  forms  the  inner  drcum- 
fereooe  of  the  eye,  and  thence*  proceeded  the  filaments  destined  to  supply  the  divisions  of 
the 


488  PHYSIOLOGY. 

comequently  is  most  clearly  seen  closely,  and  more  indistinctly  al  a 
distance.  If  now  each  facet  of  the  eye  can  survey  bnt  one  small  portion 
of  the  field  of  vision,  yet  will  the  entire  eye  be  able  to  survey  a  field 
the  larger  in  proportion  to  the  size  of  the  segment  of  the  circle  it  fcnrma 
and  to  the  convexity  of  its  arch.  Therefore,  the  larger  the  eye  is,  and 
the  more  convex,  the  wider  will  be  its  horizon.  The  varioos  structare 
of  the  eyes  of  insects  agrees  also  with  this.  Males,  which  are  appointed 
by  nature  to  seek  the  female,  have  larger  eyes  than  the  latter.  Insects 
which  live  in  and  upon  their  pabulum  itself,  have  small  and  flat  eyes, 
like  all  parasites;  others,  again,  which  have  greater  difficulties  to 
contend  with  in  procuring  their  food,  as  those  insects  which  live  upon 
prey,  like  the  Carahodea,  Dytici,  Libellula,  &c.,  have  either  large  or 
greyly  convex  hemispherical  eyes.  The  position  of  the  eyes  also 
corresponds  with  their  size  and  convexity ;  flat  eyes,  which  are  able  to 
survey  but  a  short  space  only,  are  always  more  approximate  and  placed 
more  anteriorly  than  laterally,  and  are  frequently  contiguous,  as  in  the 
male  S^rphi.  Spherical  and  very  convex  eyes  are  placed  laterally,  and 
their  axis  is  frequently  directly  opposite,  but  they  yet  harmonise  by 
their  greater  convexity  with  their  field  of  vision,  as  is  distinctly 
.observable  in  the  large  Carabu  But  the  fields  of  vision  of  the  two 
eyes  do  not  affect  each  other,  there  still  remains  a  free  space  between 
the  eyes,  which  the  insect  can  only  survey  by  turning  its  head. 
Sometimes,  to  compass  a  still  wider  field  of  vision,  a  complete  divarica- 
tion from  the  usual  form  becomes  necessary,  as  in  Gyrinns,  a  division 
.of  each  eye,  the  one  half  of  which  lies  upon  the  vertex,  and  the  other 
half  is  placed  at  the  lower  surface  of  the  head;  the  latter  is  for  the 
discovery  of  food  which  the  insect  finds  in  the  water,  and  the  former 
to  secure  it  from  its  enemies  which  approach  out  of  the  water  ;  or,  as 
in  some  male  Ephemera,  in  Vhich  two  large  flat  eyes  lie  upon  the 
vertex,  and  two  smaller  but  more  convex  ones  are  found  at  the  margin 
of  the  head. 

Job.  Miiller  appends  to  his  beautiful  and  apparently  perfectly 
•successful  explanation  of  the  sight  of  insects,  the  result  of  which  we 
have  condensed  above,  some  other  more  general  observations,  which  we 
cannot  forbear  briefly  introducing  here.  Thus  the  relative  proportions 
of  the  distinctness  of  the  image  in  various  eyes  increases,  according  to 
him,  in  proportion  to  the  size  of  the  sphere  of  which  the  surface  of  the 
eye  forms  a  segment,  with  the  number  and  smallness  of  the  fiaoets,  and 
with  the  length  of  the  transparent  lens.    Whereas  the  power  of  sight 
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at  a  distance  or  cloJt  does  not  depend  upon  the  structure  of  the  eyes ; 
every  compound  eye  which  distinctly  discerns  objects  at  a  distance, 
produces  also  closely  a  clear  inuige  of  it.  But  the  larger  the  individual 
facets  are,  and  the  smaller  the  spheres  formed  by  them,  and  the 
brighter  the  pigment  deposited  between  the  lenses,  the  more  indistinct 
does  the  image  of  the  object  seen  become,  and  in  such  a  structure  a 
better  image  is  formed  of  distant  objects,  but  a  worse  one  is  seen  of 
approximate  objects,  for  the  rays  are  more  diverging  in  consequence  of 
their  proximity,  whereas  they  run  more  parallely  from  every  point  of  an 
object  at  a  distance ;  in  the  former  case,  therefore,  it  passes  through 
the  brighter  pigment  into  the  contiguous  glass  lenses,  and  renders 
obscure  the  image  that  should  be  there  formed  upon  the  retina. — The 
apparent  size  of  the  object  seen  corresponds  only  with  its  true  size 
when  the  convexity  of  the  eye  is  perfectly  spherical  and  concentrical 
with  the  convexity  of  the  optic  nerve ;  in  every  other  case  the  apparent 
size  of  the  image  will  not  correspond  with  its  true  size,  and  the  image 
must  therefore  appear  distorted.  Hence  all  elliptical  or  conically  arched 
eyes  wil  see  worse  than  those  forming  the  segment  of  a  circle. — As 
the  structure  of  the  eye  does  not  differ  in  water  insects  and  those 
which  avoid  the  light  from  that  of  day  insects  and  those  which  live 
upon  the  land,  namely,  the  pigment  is  by  no  means  brighter  in  the 
former,  as  Marcel  de  Serres  affirms,  consequently  their  sight  must  fully 
correspond  with  the  sight  of  day  insects. 

With  respect  to  the  difference  of  structure  of  the  eyes  in  larvie  to 
those  of  the  perfect  insect,  in  insects  with  an  imperfect  metamorphosis, 
it  consists  especially  in  the  relative  size  of  their  compound  eyes.  These 
are  always  smaller  in  larvse,  but  continue  increasing  with  every  moult, 
until  they  at  last  attain  their  full  size.  In  the  large  eyes  of  the  larvae 
of  the  Cicada  no  facets  are  observed ;  these,  therefore,  gradually  dis- 
tinctly develope  themselves.  The  cornea  of  the  eye  is  changed  also 
with  the  change  of  skin,  which  very  well  admits  of  a  transformation. 
Whereas  simple  eyes  are  never  found  in  larvae  with  an  imperfect 
metamorphosis;  they  present  themselves  only  as  bright  spots  where 
they  are  subsequently  to  appear. — The  majority  of  larvie  of  insects 
with  a  perfect  metamorphosis  have  merely  simple  eyes,  and,  indeed, 
exactly  where  the  compound  eyes  afterwards  appear;  many  entirely 
want  eyes,  and  a  few,  as  the  larVae  of  the  gnats,  have  already  compound 
eyes.     With  respect,  therefore,  to  the  development  of  the  eyes  during 
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the  metamorphosis^  it  appears  to  take  place  especially  during  the 
pupa  8tate>  and,  indeed,  by  the  compound  eyes  being  gradually 
developed  from  the  simple  ones.  Pupae,  however,  have  the  entire 
cornea  immediately  after  stripping  off  their  larva-skin ;  and  in  the  pupa 
of  Stratiomys  Joh.  Miiller  found  beneath  it  the  glass  lens  and  the 
layer  of  pigment  yet  but  slightly  coloured.  If  now  this  composition  of 
compound  eyes  from  simple  ones  actually  takes  place,  which  cannot 
very  well  be  doubted,  it  may  serve  as  a  guide  to  the  explanation  of  the 
parts  of  the  compound  eye,  which  I  would  thus  explain :  the  glass  lens 
corresponds  with  the  glassy  body,  the  lens  with  the  thick  cornea,  and 
this  latter  with  a  superficial  thin  layer  of  the  entire  cornea,  which  it 
likewise  is,  and  which  is  peeled  off  during  the  metamorphosis.  After 
the  last  moult  this  layer  grows  to  the  lens,  and  they  then  both  appear 
as  identical,  but,  in  relation  to  the  other  parts,  merely  as  a  thick  layer 
of  the  cornea.  Hence  the  compound  eyes  of  insects  consist  of  the  same 
parts  as  the  simple  eyes. 


SEVENTH  CHAPTER. 

THE   LUMINOUSNESS  OF   INSECTS. 


§  279. 

The  peculiar  light  which  many  insects,  but  chiefly  beetles,  display, 
is  a  very  remarkable  phenomenon.  We  have  deferred  its  consideration 
to  the  end  of  somatic  physiology,  as  it  does  not  appear  to  stand  in  direct 
connexion  with  either  of  the  four  chief  iiinctions  of  the  animal  body, 
but  may  be  considered  rather  as  the  result  of  an  entirely  peculiar  vital 
phenomenon,  the  cause  of  which  has  been  by  no  means  thoroughly 
ascertained.  We  will  defer  communicating  the  results  of  the  experi- 
ments made  upon  this  highly  interesting  subject  to  the  end  of  this 
chapter,  and  first  mention  those  insects  in  which  this  peculiar  luminous- 
ness  has  been  observed. 

The  majority  of  them  belong  to  the  Coleoptera,  and  indeed  to  two 
families  which  also  in  other  respects  present  a  tolerable  affinity.    These 
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families  are  the  Elaiers  and  the  Lamprodea.  Among  the  Elaiers  we 
know  as  luminous  the  E.  noctiiucus,  E.  ignitus,  E.  lampadion,  E. 
relrospictens,  E.  lucidulus,  E.  lucernula,  E,  speculator,  E,  Janus, 
E,  ptfropkanus,  E.  luminosus,  E.  lucens,  £.  exsiinctuSy  E.  cucujus^ 
E.  lucifer,  and  E.  phosphor eus  *,  In  all  of  these  there  are  two  bright 
oval,  convex  spots  upon  the  thorax,  which^  after  deaths  are  of  a  greenish 
yellow,  and  whence  light,  whilst  living,  streams  forth,  and  in  addition 
to  which  there  are  two  other  spots  upon  the  abdomen  that  are  luminous, 
and  which,  during  repose,  are  concealed  beneath  the  elytra.  Indeed, 
the  whole  inside  of  the  body  is  luminous,  but  it  is  concealed  by  the 
impenetrable  integument,  and  only  sometimes  upon  the  very  great 
expansion  of  the  abdomen  is  it  perceptible  through  the  divisions  of  the 
segments.  All  the  named  species  are  found  in  tropical  America,  and, 
according  to  Sloane,  repose  during  day  in  dark  shady  places,  and  only 
fly  during  dusk  and  at  night,  when  they  betray  themselves  by  their 
light ;  but,  according  to  Sieber,  they  also  fly  at  noon  in  the  sunshine, 
but  then  exhibit  no  light.  Their  light  is  of  a  bright  blue-white  colour, 
and  in  the  larger  species,  for  instance,  in  E,  noctiiucus  f,  it  is  so  strong, 
that,  by  its  aid,  small  writing  may  be  read  at  night  if  the  luminous 
spots  be  passed  regularly  over  the  lines.  Some  naturalists  who  have 
had  the  opportunity  of  observing  the  insect  in  its  native  country  (Spix) 
assert  that  they  have  found  beneath  the  luminous  spots  a  yellowish 
glandular  mass,  to  which  a  multitude  of  branches  of  the  tracheae  are 
distributed  from  the  approximate  main  stems.  These  are  the  true 
luminous  bodies  whence  the  light  streams  forth  either  brightly  or  dully, 
according  to  the  quantity  of  air  the  insect  admits  to  them  by  respiration. 
It  is  also  said  that  the  insect  can  prevent  the  emission  of  all  light  by, 
according  to  Spix,  preventing  the  admission  of  any  air.  Amongst  the 
natives,  all  these  insects  are  called  Cucujos  or  Cucujii ;  they  use  them 
as  ornaments  for  their  dresses  by  night,  and  they  are  worn  by  the 
females  especially  as  ornaments  to  the  head-dress,  and  the  Indians  are 
said  to  bind  them  to  their  feet  on  a  journey,  to  enable  them  to  discern 
their  road  more  distinctly.  According  to  Piedro  Martire  I,  the 
inhabitants  of  Saint  Domingo  keep  the  luminous  Elaters  in  their  rooms 

*  See  lUiger  in  the  Magazin  der  Geselscb.  naturf.  Freunde  zu  Berlin,  toL  i.  p.  14. 
t  See  Gartia  in  Zoological  Journal,  1827,  No.  2,  p.  379.  Heoiinger  Zeitochrift,  toI.  iii. 

Pt.  1,  p.  137 ^Thona  Arehir.  vol.  ii.  Ft.  2,  p.  63. 

X  In  Kithy  and  Spenee,  toI.  ii.  p.  462. 
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at  nighty  which  destroy  the  gnats  that  would  otherwise  disturb  persons 
sleeping ;  but  this  tale  does  not  merit  belief^  as  the  Elaiers  are  well 
known  not  to  be  carnivorous^  but  feed  upon  nectar  and  pollen.  Yet 
by  the  light  they  distribute  they  may  probably  chase  away  the  gnats. 

§  280. 

The  European  Lampyri  were  known  as  luminous  earlier  than  the 
Elaters,  The  ancients  were  acquainted  with  this  faculty*,  llie 
Romans  called  them  cicindeUe,  the  Greeks  \aiuntpijtks ;  but  it  does  not 
appear  that  they  distinguished  several  species;  and,  as  in  southern 
Europe,  the 'Lamp.  Italica  is  the  luminous  species,  it  is  doubtlessly 
upon  this  that  they  made  their  observations.  Besides  this,  there  are 
three  other  species  in  Europe,  L.  nociiluca,  L,  splendidula,  and 
L  hemiptera,  the  second  of  which  is  common  with  us  (Germany)^  the 
first  is  found  in  more  northern  countries,  and  the  third  in  southern 
ones.  The  last  is  not  deficient  in  the  phosphoric  light,  as  lUiger  first 
thought,  and,  probably,  it  is  also  present  in  the  numerous  extra- 
European  species  of  this  genus.  The  most  recent  experiments  upon 
their  luminousness  have  been  made  chiefly  upon  the  L.  noctiluca,  which 
is  common  in  the  south  of  England  and  in  Sweden,  by  J.  Murray  f  ; 
upon  L.  splendidula  by  Macartney  %  and  Macaire§ ;  and  upon  L.  Ilalica 
by  Carus  |[.  L.  hemiptera  was  observed  and  described  in  detail  by 
Miiller  %,  and  he  also  first  discovered  its  luminousness,  although  the 
light  was  but  feeble.  Both  sexes  are  luminous,  as  also  are  the  Elaters, 
but  the  light  is  strongest  in  the  female.  In  the  Lampyri  it  does  not 
stream  from  the  thorax,  but  from  the  posterior  extremity  of  the  abdomen, 
where  also,  even  after  death,  there  are  spots  which  are  brighter  than 
the  rest  of  the  integument,  and  it  is  these  especially  which  shine. 
Besides  the  difference  of  light  in  the  two  sexes,  there  are  others 
between  them  even  in  their  external  form.  In  L.  nocliluca,  the  largest 
of  the  European  species,  the  male,  which  has  wings  and  elytra,  is  of  a 
uniform  brownish  grey,  with  a  reddish  grey  margin  to  the  pronotum  : 
the  apterous  female  has  a  similarly  shaped  back,  which  is,  however,  of 

.  •  Plinii  Hist.  Nat.  Lib.  18.  c.  66,  2.— Ariitot.  Hi»t.  An.  1-  3. 
•f  Experimental  Reaoarches,  Glasgow,  1826. 

t  Schwcigger's  Jour.  &c.  voL  x.  p.  409 Gilbert's  Annal.  vol.  Ixi.  p.  1 13. 

^  Gilbert's  Annal,  rol.  Ixx.  p.  265. 

II  Analekten  ztir  Naturw.  u  Heilkundo,  p.  169. 

IF  Illiger's  Magazin.  vol.  ir.  p.  175,  &c. 
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bat  one  colour,  and  it  has  a  yellow- white,  thin-skinned  £it  abdomen. 
In  both^  the  laminous  spots  present  themselves  as  four  bright  points, 
two  of  which  are  upon  the  antepenultimate  abdominal  segment,  ad 
two  upon  the  next  one.  In  the  smaller  L.  splendidula,  the  male,  which 
is  also  winged,  and  is  of  a  brown  grey,  has  a  bright  glassy  spot  upon 
the  convex  margin  of  the  pronotum :  the  female,  which  is  entirely  of  a 
whitish  yellow,  and  is  brown  only  on  the  centre  of  the  pronotum,  has  very 
short  oval  elytra,  which  merely  cover  the  margin  of  the  mesonotum,  but 
it  has  no  wings.  In  both  the  luminous  parts  are  two  transverse  bands 
on  the  ventral  side  of  the  two  penultimate  abdominal  segments,  yet  in 
the  female  the  whole  abdomen  distributes  but  a  weak  light.  With 
respect  to  size,  L.  Italica  is  between  both ;  it  is  black,  with  a  red  prothorax 
and  legs ;  two  large  white  spots  on  the  penultimate  and  antepenultimate 
abdominal  segments  display  the  light.  In  this  species  the  female  does 
not  differ  externally  from  the  male;  both  are  winged ;  yet  some  ento- 
mologists, as  Rossi,  lUiger,  Cams,  speak  of  apterous  females,  but  they 
have  certainly  mistaken  the  larva  for  the  female  *.  In  Z.  hetniptera, 
the  male  has  truncated  elytra  and  the  female  none.  It  is  also  the 
smallest  of  all,  being  scarcely  four  lines  in  length,  entirely  of  an  opaque 
black,  but  which  is  lighter  in  the  female,  and  the  ventral  plates  of  the 
penultimate  and  antepenultimate  abdominal  segments  are  whitish.  But 
these  do  not  emit  the  light,  which  is  confined  to  two  round  spots  on 
the  penultimate  segment.  In  Z.  splendidula,  I  have  discovered  the 
larvae  to  be  luminous.  Miiller  was  acquainted  with  the  larva  of 
Z.  hemiptera,  but  he  does  not  say  whether  it  gives  light.  The 
Z.  splendidula,  nociiluca  and  Italica  conceal  themselves  during  the  day, 
and  only  appear  at  night^fall,  when,  upon  warm  damp  evenings,  the 
male  flies  about,  whereas  the  female  sits  tranquilly  among  the  hedges 
and  shrubs,  betraying  her  situation  to  the  male  by  her  much  brighter 
light.  Z.  hemiptera  creeps  about  also  by  day,  but  generally  in  damp 
weather ;  it  also  appears  earlier  in  the  year,  namely,  towards  the  end 
of  April,  whereas  Z.  splendidula  about  the  end  of  May  and  the  b^in- 
ning  of  June,  and  Z.  noctiluca,  on  the  contrary,  is  found  chiefly  towards 
the  end  of  the  summer. 

Their  light  is  of  a  bluish  white,  and  sometimes  also  of  a  greenish 

t  *  TouM.  da  Cluurpentier,  Hone  Entomologios,  p.  192.  PI.  VI.  f.  5  and  6.  He  also 
•eparatet  the  lainer  tpeeimeiia,  aa  L.  LutitanioOy  and  the  smaller  ones  with  a  black  spot 
upon  the  pronotum  aie,  according  to  him,  the  trne  L.  Italiea, 
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or  quite  bright  colour ;  it  is  strongest  in  the  female,  and  shines  uni« 
formly,  as  in  Z.  noctUuca  and  L.  splendidula,  but  in  L.  Italica  and  in 
others  *  it  varies  in  intensity  in  rhythmical  vibrations ;  during  the 
day  it  is  not  observed,  and  can  be  momentarily  suppressed  by  night 
at  the  will  of  the  insect.  This  they  appear  to  do  in  moments  of 
danger^  at  least  I  have  often  observed  that  those  which  I  have  caught  with 
my  hat  during  flight  immediately  ceased  shining,  and  so  frequently 
deceived  me  by  my  fancying  that  I  had  missed  the  creature,  but  I 
afterwards  discovered  it  in  my  hat,  when  it  again  shone.  The  light  is 
increased  during  motion  as  wall  as  daring  exciting  corporeal  action,  for 
instance,  during  copulation  and  in  great  heat,  but  which  must  not  be 
much  higher  than  40^  R. ;  cold,  however,  speedily  destroys  the  faculty, 
and  even  at  10°  beneath  zero.  If  the  insect  be  kept  some  days  in  the 
dark  it  entirely  loses  its  luminousness,  but  regans  it  upon  being  again 
placed  in  the  sunshine.  After  its  death  the  light  still  lasts  some  hours 
and  even  days,  and  even  afterwards  can  be  re-produced  by  warm  water 
or  acids.  All  poisonous  gases,  which  speedily  kill  the  insect,  destroy 
just  as  quickly  its  light ;  even  in  pure  oxygen  the  light  was  indeed  at 
first  brighter,  but  disappeared  at  the  death  of  the  insect.  In  heated 
water,  on  the  contrary,  the  light  long  continued  in  a  temperature 
not  exceeding  50°  R.,  but  immediately  disappeared  upon  the  applica- 
tion of  greater  heat,  and  also  by  degrees  as  the  water  cooled.  Elec- 
tricity has  no  influence  upon  the  strength  of  the  light,  nor  did  it 
produce  any  luminousness  in  insects  already  dead,  whereas  galvanic 
electricity  occasioned  a  mnch  brighter  light,  and  even  re-produced  the 
luminousness  in  dead  insects  which  no  longer  exhibited  it.  But  these 
eflfects  are  not  produced  in  vacuum,  nor  if  the  creature  be  covered  with 
oil.  Upon  anatomical  inspection  there  was  found  at  the  shining  spots 
a  whitish,  transparent,  granulated  mass,  intersected  by  trach^s,  and 
which  mass  did  not  appear  to  be  very  different  from  the  fatty  substance. 
This  mass  shines  also  for  a  time  when  removed  from  the  body  of  the 
insect,  particularly  in  warm  water,  but  it  loses  its  light  upon  drying, 
but  regains  it  for  a  short  time  upon  being  remoistened. 

Among  other  beetles  we  find  the  Scarabeus  phasphoreus  named  as 
luminous,  and  upon  which  Liice  has  commonicated  some  observations  t. 

*  See  Carut,  at  the  abore  dted  pUee,  and  in  the  Iris,  1824,  vol.  ii,  p.  245,  where  it  is 
rehtcil,  that  according  to  Ijong,  a  Xew  Holland  species  also  exhibits  this  rhythmical 
luminousness. 

t  Rozicr,  Joum.  de  Phys.  rol.  xliv.  p.  300. 


OF   THE    LUMIN0U8NBSB   OF   INSECTS.  495 

AcGording  to  him,  the  insect  which  is  found  in  the  department  du  Var, 
in  the  yicinity  of  Grosse,  in  May  and  June,  bnt  which,  iTith  respect  to 
its  situation  in  the  system,  is  no  farther  known,  distributes  a  .phosphoric 
light  from  its  abdomen,  that  disappears  when  the  beetle  contracts  it, 
but  which  remains  with  the  juices  pressed  from  the  creature  so  long  as 
they  continue  moist.  Paussus  sphcerocerus  also,  which  is  found  on  the 
coast  of  Guinea,  and  is  remarkable  for  the  singular  globular  form  of 
its  antennae,  its  discoverer,  Afzelius,  observed  likewise  to  emit  a  weak 
phosphoric  light  from  the  globe  of  the  antennae  *  ;  the  same  is  supposed 
of  Ckiroscelis  bifeneslraia,  Lam.,  a  beetle  belonging  to  the  family  of  the 
Melanosofna,  which  is  provided  with  two  oval,  hairy,  reddish  spots 
upon  its  second  ventral  segment,  and  it  is  from  these  that  the  light 
issues  f.  From  a  communication  of  Latreille  j:  the  large  yeUow  spot 
is  luminous  upon  the  elytra  of  Bupresits  ocellata,  a  very  beautiful 
insect,  native  of  China. 

§  281. 

Instances  of  luminous  insects  not  of  the  class  of  beetles  are  great 
rarities.  Kirby  and  Spence  observe  that  it  is  to  be  seen  sometimes  in 
the  eyes  of  some  nocturnal  Lepidopiera,  for  instance,  in  Noclua  psoi 
and  Cosstu  ligniperda,  and  also  relates  an  instance  in  which  the  com- 
mon mole  cricket  {Acketa  Gri^llotalpa,  Fab.)  is  said  to  have  been 
luminous ;  but  this  faculty  can  present  itself  merely  as  an  exception, 
for  no  other  observations  have  ever  been  made  upon  it.  Perhaps  they 
bad  been  in  contact  with  rotten  wood,  which  is  also  sometimes  luminous, 
or  with  other  rotting  substances,  and  the  light  with  a  portion  of  the 
substance  still  adhered  to  them.  The  luminousness  of  the  Brazilian 
lantern-fly  appears  more  credible,  from  the  positive  assertion  of  Mad. 
Merian§.  In  this  insect,  which  belongs  to  the  family  of  the  Cicada 
among  the  Hemiptera,  the  light  is  said  to  be  produced  from  the  large 
clavate  frontal  process,  and  to  be  so  strong  that  a  single  specimen  is 
sufficient  to  admit  of  reading  very  clearly  by  it  in  the  dark.  But  this 
obs^vation  is  not  supported  by  the  testimony  of  any  modem  traveller. 
Count  Hoffmannsegg,  supported  by  the  communications  of  Sieber,  was 
the  first  to  attack  as  groundless  this  tale  of  Alad.  Merian  ||,  and  subse- 

♦  Tnms.  Ljn.  Soc.  vol.  iv.  p.  261.        f  Ann.  dii  Mus.  d'Hist.  Nat.  No.  XVI.  xxii.  2. 

t  Kirby  and  Spence,  vol.  ii.  p.  47 1 . 

§  Mar.  S.  Merian  de  Gencrat.  ct  Metatn,  Inaect.  Sarinamennum,  p.  4.9. 

II  Magaz.  der  Gcscllsch.  NatQrforscb,  Frcund  Izu.  Berlin,  vol.  i,  p.  153. 
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quently  the  Prince  of  Neuwied  *  confiimed  this  contradiction,  having 
never  observed  the  least  trace  of  a  peculiar  light  in  the  Fulgora  later' 
naria,  Fab«>  which  is  by  no  means  a  rare  Cicada  in  the  Brazils. 

§  282. 

These,  therefore,  are  the  coUective  instances  hitherto  known  of  a 
peculiar  light  emitted  by  insects.  There  are  many  opinions  of  the 
causes  which  produce  this  faculty,  one  of  which  lays  most  stress  upon 
the  influence  of  the  nervous  system,  another  upon  the  respiration,  and 
a  third  upon  the  circulation.  Others,  but  chiefly  chemists^  speak  of  a 
substance  resembling  phosphorus  secreted  by  peculiar  organs,  and 
whence  the  light  is  emitted.  Treviraiius,  however,  who  has  anatomi- 
cally inspected  Elater  nociilucus,  as  well  as  the  Lampyri,  say  there  is  no 
organ  anywhere  situated  that  secretes  the  luminous  substance,  not  even 
at  the  luminous  spots,  and  that  this  quality  proceeds  from  the  fatty 
substance.  This  appears,  as  is  confirmed  by  Macaire's  investigations, 
to  consist,  in  luminous  insects,  of  a  great  portion  of  albumen,  and  to 
this  some  ascribe  the  faculty  of  being  luminous,  but  it  requires  the 
peculiar  quality,  according  to  Macaire,  of  being  semi- transparent.  We 
know  no  instance  of  albumen  itself  being  luminous,  but  must  conclude 
that  some  other  substance  is  incorporated  with  it,  and  that  either  this 
substance  alone,  or  by  its  connexion  with  the  albumen,  is  the  cause  of 
the  light  produced.  The  best  known  substance  that  produces  light 
is  phosphorus,  which  is  abundantly  present  in  animal  bodies,  and  we 
therefore  might  ascribe  the  luminousness  of  insects  to  the  phosphorus 
intermixed  with  their  fatty  substance.  Phosphorus  alone  does  not 
shine,  but  only  gas  charged  with  phosphoric  vapour  when  coming  into 
contact  with  oxygen,  or  if  this  be  the  saturated  gas  when  this  meets 
with  hydrogen  or  azote,  and  this  kind  of  mixture  is  only  to  be  exhibited 
in  luminous  insects  to  explain  the  faculty  peculiar  to  them.  This, 
therefore,  admitted,  for  a  convincing  proof  of  its  presence  has  not  yet 
been  produced,  it  follows,  as  Treviranus  accurately  says,  and  observa- 
tion has  confirmed,  that  the  insect  is  luminous  not  merely  at  its  brightly 
coloured  spots,  but  throughout  its  interior  f  wherever  the  luminous 
phosphoric  combination  is  found;  the  brighter  coloured  or  rather 
colourless  spots^  for  the  subjacent  £eitty  substuice  is  the  cause  of  the 
whitish  yellow  colour,  serve  only  to  give  a  free  passage  to  the  light. 

•  ReiM  nach  Bruilien,  toI.  ii,  p.  111. 
t  See  TieTiraniM,  Biologie,  toI.  t.  p.  475. 
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The  observations  that  have  been  made  under  a  variety  of  circumstances 
also  tolerably  harmonise  with  the  conditions  under  which  phosphorus 
is  luminous^  in  so  ^  as  its  light  disappears  in  irrespirable  gases, 
increases  by  warmth,  but  is  destroyed,  also  like  phosphorus,  by  cold, 
immersion  in  oil,  alcohol,  acids,  saturated  solutions  of  salts  and  alkalis, 
as  also  in  vacuo. 

If,  therefore,  phosphorus  appears  to  be  the  substance  which  produces 
the  light  in  insects,  it  may  be  asked,  as  phosphorus  is  not  luminous  in 
itself,  what  may  be  the  conditions  under  which  phosphorus  is  luminous? 
To  this  the  above  remarked  differences  of  opinion  especially  refer. 
As  phosphorus  can  only  become  luminous  by  contact  with  oxygen,  if, 
therefore,  we  imagine  it  combined  with  the  fatty  substance,  or. with 
its  albumen,  respiration  gives  it  luminousness ;  by  means  of  respiration 
oxygen  is  deposited  in  the  corporeal  substance,  and  each  inspiration 
therefore  makes  the  beetle  shine.     Now,  as  we  have  before  noticed, 
respiration  being  strongest  during  flight,  it  necessarily  follows  that  the 
emission  of  light  will  also  then  be  most  powerful.    In  opposition  to 
this  the  wingless  state  of  the  female  might  be  urged,  yet  her  short 
thicker  body  must  contain  more  of  the  fetty  substance,  and  must  there- 
fore emit  a  stronger  light  than  that  of  the  male.    Next  to  respiration 
the  circulation  of  the  blood  appears  to  have  considerable  influence  upon 
the  light,  for  we  know  that  the  substance  emits  the  light  only  when 
moist.    As,  now,  the  blood  flows  all  round  upon  the  fatty  substance, 
this  may  be  considered  as  the  moisture,  which  helps  to  support  the 
Inminousness.     Gams  has  also  observed  that  upon  each  pulsation,  and 
consequently  upon  each  fresh  wave  of  blood,  the  light  shines  brighter. 
He  refers  to  this  also  the  brighter  shining  of  the  female,  as  she  con- 
stantly dwells  in  dark,  damp  places.     Thirdly,  the  nervous  system  may 
exercise  a  certain  influence  upon  the  production  of  the  light,  for  as  it 
is  the  chief  agent  of  all  the  voluntary  actions  of  the  body,  it  will  also 
necessarily  exercise  an  influence  upon  the  voluntary  suppression  of  the 
light  if  the  insect  stops  this  influence  by  checking  respiration  in  the 
way  in  which  it  causes  the  nerve  to  act  upon  the  muscle  in  muscular 
motion.     That  it  possesses  this  faculty  of  checking  the  respiration  we 
know,  but  that  this  cannot  be  long  protracted  lies  in  the  very  nature 
of  the  thing,  and  thus  by  both  causes  the  momentary  cessation  of  light 
which  is  frequently  observed,  and  which  we  have  mentioned  before, 
may  be  produced.    Upon  respiring  anew  the  beetle  would  necessarily 
become  ag/tin  luminous. 
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§  283. 

After  the  consideration  of  the  corporeal  functions  of  insects  there 
still  remains  a  whole  series  of  phenomena  which  are  not  the  pure 
results  thereof,  but  are  superior  intellectual  functions,  which  may  be 
exercised  apparently  at  the  will  of  the  insect.  Similar  phenomena 
naturalists  have  observed,  not  in  insects  only  but  likewise  in  the  higher 
animals,  and  in  them  very  especially,  and  have  found  therein  the 
analogies  of  the  intellectual  powers  of  man,  yet  with  the  essential 
difference  that  these  phenomena  in  animals  must  necessarily  ensue, 
whereas  man,  superior  to  the  compulsion  of  nature,  has  the  means  of 
resisting  this  necessity  by  his  volition.  Hence  the  idea  of  freedom. 
Were  the  enjoyment  of  this  freedom,  and  indeed  especially  of  moral 
freedom, — for  external  freedom  is  merely  the  result  of  internal  or  moral 
freedom, — given  to  man  by  nature  with  restrictions,  his  intellectual 
superiority  would  then  completely  vanish,  as  he  would  then  necessarily 
exercise  all  his  functions  within  certain  limitations,  and  never  remain 
within  these  limits  'nor  ever  surpass  them.  His  freedom  then  would 
also  be  merely  apparent,  and  he,  as  well  as  all  animals,  would  then  be 
curbed  by  the  chain  of  certain  instincts,  the  satisfying  of  which  would 
become  a  necessity.  But  man  is  free,  that  is  to  say,  he  has  the  faculty 
of  in  so  far  subjecting  his  natural  instincts  to  other  relations,  either 
voluntary  on  his  part,  or  introduced  by  social  life,  as  the  law  of  self 
preservation  will  admit,  and  may  satisfy  them  at  his  own  discre- 
tion ;  whereas  the  animal  is  not  free,  it  exercises  all,  both  corporeal 
and  intellectual  functions,  from  a  determinate  necessity,  from  which  it 
has  not  the  power  of  emancipating  itself.  Thence  the  entire  greatness 
of  man  consists  in  his  freedom,  and  in  it  consists  the  faculty  of  his 
progressive  development  or  perfection,  as  well  as  the  possibility  of  his 
degeneration,  and  which  would  place  him  beneath  the  aniaial.     Tiie 
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animal  is  equally  perfect  in  all  its  individuals ;  men  are  distinguished 
from  each  other  as  perfect  or  imperfect,  according  to  the  exercise  of 
their  freedom  towards  good  or  evil. 

§  284. 

The  phenomena  thus  characterised  bear  in  animals  the  general  name 
of  instinctive  impulses,  and  that  which  urges  their  exercise  we  call 
instinct;  in  man   we  call  them   intellectual  phenomena,  and  their 
stimulant  mind  or  soul.     Instinct  in  animals,  therefore,  is  the  ana- 
logue of  the  soul  in  man  ;  a  soul  differing  only  from  the  human  soul 
by  the  necessity  with  which  it  does  everything,  whereas  the  human 
soul  is  independent  of  necessity,  and  ft'eely  resolves  upon  its  actions. 
From  this  necessity,  with  which  the  instinctive  impulses  of  animals 
act,  ensues  their  determinate  restriction  in  every  species.     The  instinct 
of  every  animal  is  enclosed  within  a  circle,  which  it  cannot  pass,  and 
nil  the  phenomena  within  this  circle  are  repeated  by  every  individual 
in  the  same  manner.     In  them,  therefore,  there  is  no  teaching  or  pro- 
gressive perfection,  but  the  young  just  bom  individual  exercises  all  its 
instincts  just  as  its  mother  did,  without  being  in  the  least  taught  to  do 
80.    This  unconscious  execution  of  the  first  occupations  harmonises  with 
the  desire  of  the  infant  for  the  mother's  breast,  and  with  its  innate 
power  of  suction,  that  we  cannot  forbear  considering  both  as  quite  ana- 
logous phenomena.     But  it  is  only  during  his  nonage  that  man  exhibits 
himself  as  an  animal  with  innate  skill ;  these  disappear  so  soon  as  he 
becomes  older  and  more  developed,   whereas  they  remain  with   the 
animal  during  its  whole  life.     The  celebrated  wisdom  of  many  animals 
is  founded  solely  upon  the  faculty  by  necessity  present  in  them,  and 
what  we  admire  is  nothing  more  than  the  general  law  of  nature,  that 
for  the  attainment  of  their  object  they  always  select  the  best  and  most 
serviceable  means.    Necessity  and  suitableness  are  therefore  as  inse- 
parable phenomena  in  the  instinctive  functions  of  animals  as  in  the 
physical  world  are  the  ideas  of  life  and  action ;  they  cannot  be  parted, 
one  conditionates  the   other;  for  a  necessary  unsuitableness  would 
destroy  itself,  whilst  man,  by  the  insight  gained  through  experience 
and  custom,  is  led  to  new  endeavours,  upon  an  ascertained  unsuitable- 
ness, which  at  last  conducts  to  the  suitable  accomplishment  of  his 
object.     But  the  animal  makes  no  essay,  what  it  undertakes  it  suc- 
ceeds in,  and  indeed  with  the  least  trouble,  and  with  the  least  expense 
of  force,  as  it  seeks  the  easiest  and  surest  way  to  its  object.     Yet  this 
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apparent  choice  is  no  choice,  but  iron  necessity,  which  rules  the  life  of 
all  organisms,  and  which  endeavours  to  dominate  in  the  life  of  man, 
wherein  it  at  first  indeed  acts  promotiYe,  but  subsequently  chiefly 
obstructive  and  restrictive. 

§  285. 

But  we^  nevertheless,  observe  phenomena  in  many  animals,  and  alsv 
in  insects,  which  appear  to  be  the  result  of  a  free  and  rational  consi- 
deration, and  of  a  certain  degree  of  reflection;  indeed  experience, 
recollection,  and  memory  are  likewise  perceived  in  them. 

The  reflection  of  insects  consists  in  the  choice  of  the  best  means  to 
attain  the  object.  There  is  nothing  remarkable  or  astounding  in  this 
when  we  admit  that  nature  for  the  exercise  of  every  function  of  the 
insect  has  prescribed  to  it  the  way,  and  that  we  therefore  observe  all 
insects  invariably  foUow  this  prescribed  path.  But  there  are  £Bicts 
which  cannot  be  made  to  harmonise  with  this  prescribed  course.  For 
instance,  it  is  well  known  that  when  bees  in  the  construction  of  their 
combs  meet  with  objects  that  obstruct  their  progress  in  a  right  line,  they 
avoid  them  by  the  change  of  its  direction,  before  the  comb  touches  the 
object,  therefore  by  the  immediate  cessation  of  the  continuation  of  the 
work  in  that  direction.  Darwin  observed  a  sand-wasp  {Sphex  sabulosd) 
which  wished  to  carry  off  a  large  fly  that  it  had  caught,  but  as  it 
violently  fluttered  with  its  wings,  and  so  hindered  her  own  progress, 
she  bit  off  its  wings,  and  then  flew  off  with  it  unimpeded.  We  must 
in  these  cases, — as  in  the  organs  of  the  body  and  their  functions  there  is 
exhibited  a  certain  faculty  of  adaptation  to  a  determinate  purpose,  as,  for 
example,  the  alternating  secretion  of  one  instead  of  the  other,  of  the 
intestine  instead  of  the  skin,  in  rheumatic  affections,  &c., — admit  also  of 
an  adaptation  of  the  instinct  to  new  purposes,  which  expresses  itself  in 
the  recognition  of  the  necessity  of  a  change  of  the  function  yet  in  action 
before  the  obstruction  which  obligates  it  absolutely  obtrudes.  It  is 
evident  that  this  recognition  is  a  purely  intellectual  activity,  which 
appears  to  contradict  the  prescribed  necessity  in  the  functions  of 
animals.  But  this  contradiction  is  only  apparent,  for  nature  has  also 
prescribed  the  choice  of  the  most  serviceable  means  to  the  end,  and 
this  choice  presumes  a  knowledge  of  difliculties  and  hindrances.  Hence 
the  instinct  of  the  animal  is  competent  to  a  partial  quitting  of  the 
prescribed  circle  as  soon  as  extraneous  phenomena  intnide  into  the 
actions  of  insects,  which  likewise  lie  beyond  the  circle  of  their  usual 
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functions^  and  this  transit^  this  voluntary  adaptation,  still  more  convinces 
us  that  the  instinct  of  animals  corresponds  to  the  soul  of  man^  and  that 
reason^  which  has  been  considered  as  the  exclusive  characteristic  of  man, 
is  not  wholly  wanting  in  them. 

The  proof  that  insects  acquire  a  certain  experience,  and  are  capable 
of  combinations  of  what  they  have  experienced,  many  bees  exhibit  to 
us,  which  lick  with  their  long  tongues  the  honey  glands  of  flowers,  and 
fly  industriously  around  from  one  to  the  other.  ThuSj  humble-bees, 
which  cannot  reach  with  their  proboscis  the  nectaries  placed  at  the 
bottom  of  the  long  tubular  flower,  open  it  at  the  side  with  their 
mandibles,  and  now  passing  their  tongue  through  the  aperture,  imbibe 
the  honey  previously  inaccessible  to  them.  According  to  Ch.  K. 
Sprengel,  those  flowers  which  contain  nectaries  are  often  decorated 
with  radiating  markings,  generaUy  red,  which  serve  the  insect  as  a 
mark  of  reci^ition.  If  such  a  recognition  actually  take  place, 
experience  which  the  insects  have  gained  can  be  the  sole  instructor. 
According  to  Reaumur,  the  ants  that  have  formed  a  dwelling  in  the 
iricinity  of  ajbee-hive  never  enter  it  so  long  as  it  continues  occupied  by 
the  bees,  but  laboriously  collect  their  nectar  from  the  aphides  dispersed 
upon  plants ;  but  if  a  hive,  of  which  the  bees  have  been  destroyed,  be 
placed  in  the  situation  of  the  former  one,  they  speedily  visit  it  in  large 
troops,  and  enjoy  the  honey  undisturbed.  Here,  therefore,  we  again 
detect  experiencci  viz.  that  the  bees  immediately  destroy  all  visiters 
that  intrude  into  their  dwelling,  as  the  warning  instructress  of  the 
cautious  reserve  of  the  ants. 

To  the  faculty  of  collecting  experience,  a  second  is  superadded, 
which  gives  this  experience  its  value,  namely,  memory.  The  experience 
gained  must  remain  in  constant  recollection  if  it  be  to  yield  a  constant 
advantage,  and  it  is  made  so  by  a  quality  of  the  soul  which  we  call 
memory.  This  quality  is  also  attributable  to  the  instincts  of  insects. 
Tlie  same  as  the  swallow  and  the  stork  yearly  return  to  thar  former 
dwellings,  so  does  the  bee  each  spring  revisit  her  former  collecting 
places,  and  the  very  same  tree  whence  she  gathered  honey  the  preceding 
year.  Among  the  many  hives  which  may  possibly  be  placed  together, 
each  bee  accurately  recognises  her  own  when  she  returns  from  her 
journeys,  and  we  never  observe  the  neuters  fljring  around  other  hives 
for  the  purpose  of  discovering  theirs.  This  is  not  a  mere  recognition 
of  the  same  hive  from  its  external  marks,  but  the  bee  exactly  knows  the 
spot  where  it  is  to  be  found,  for  if  another  have  been  put  in  its  place, 
it  iviU  prepare  within  it,  in  conjunction  with  all  its  returning  com- 
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rades,  a  new  dwelling,  supposing  that  the  preceding  one  ha:i  been  ia&»l 
in  the  interim  *.  Kirby  and  Spence  relate  another  still  more  striking 
instance  of  the  memory  of  these  creatiures^  in  which  a  sirarm  from  an 
old  hive  occupied  a  hole  in  the  roof  of  a  house,  bat  were  again  removed 
by  its  possessor.  Every  year  the  envoys  of  the  new  swarms  of  the  same 
hive  regularly  returned  to  this  hole  to  convince  themselves  of  its 
existence  and  suitableness,  certainly  a  distinct  proof  of  the  remem- 
brance of  the  discovered  place  among  the  older  members  of  the  hive. 
There  are  many  instances  of  the  memory  of  insects,  which  all,  more  or 
less,  prove  it  to  be  a  quality  of  their  instinct.  Thus,  the  Odyneri, 
which  have  found  a  hole  for  the  dwelling-place  of  their  young,  con- 
stantly return  back  exactly  to  it  when  they  quit  it  to  fetch  the  young 
ones'  provisions.  If  it  be  closed  during  their  absence,  on  their  return 
they  seek  about  upon  the  wall,  yet  without  entering  other  holes ;  if 
they  again  find  it,  they  remove  the  obstacles  and  pursue  their  previous 
labours. 

But  the  power  of  communicating  to  their  comrades  what  they 
purpose  is  peculiar  to  insects.  Much  has  been  talked  of  the  so-called 
signs  of  recc^ition  in  bees,  which  is  said  to  consist  in  recognising  their 
comrades  of  the  same  hive  by  means  of  peculiar  signs.  This  sign  serves 
to  prevent  any  strange  bee  from  intniding  into  the  same  hive  without 
being  immediately  detected  and  killed.  It  however  sometimes  happens 
that  several  hives  have  the  same  signs,  when  their  several  members  rob 
each  other  with  impunity.  In  these  cases  the  bees  whose  hive  suffers 
most  alter  their  signs,  and  then  can  immediately  detect  the  enemy. 
But  in  what  these  signs  consist  is  not  known.  The  wasps  also  apprise 
their  comrades  of  the  place  whence  they  fetch  the  materials  of  their 
nests,  whence  it  happens  that  some  always  fetch  the  same  material,  for 
example,  rotten  wood;  others  a  different  material;  and  others,  again, 
coloured  substances. — The  ants,  also,  can  inform  their  own  citizens  of 
the  presence  of  a  choice  morsel,  for  Kirby  and  Spence  relate  an  instance 
where  a  pot  filled  with  treacle  was  suspended  from  a  ceiling,  and  which 
being  discovered  by  one,  she  fetched  a  whole  host  of  her  comrades.  In 
places  distant  from  their  abode,  ants  touch  each  other  with  their 
antennas,  so  to  recognise  their  friends  and  enemies,  and,  after  having 
satisfied  themselves,  they  pursue  their  journey.  A  remarkable  instance 
of  such  a  communication  is  related  in  Illiger's  Magazine  j:,  in  which  a 

*  Kirby  and  Spence,  Ifttroduction,  vol.  ii.  p.  590. 
■)•  Oermar's  Mug^iran,  vol.  iii.  p^  425.  f  Vol.  i.  p.  4^8. 
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traveller  observed  Gymnopleurus  ptlularius  prepare  its  ball  of  dung. 
This  ball  happened  by  accident  to  fiedl  into  a  hole  whence  the  insect 
could  not  remove  it  by  all  its  exertions.  It  therefore  apparently  gave 
it  up,  but  speedily  returned  with  three  comrades,  and  their  united 
labours  succeeded  in  accomplishing  it.  This  instance  is  so  remarkable, 
that  we  might  be  inclined  to  doubt  its  veracity  were  it  solitary,  but 
those  above  communicated  are  so  analogous,  that  we  cannot  help  consi- 
dering it  as  true.  They  therefore  prove  that  insects  possess  the  power  of 
communicating  their  objects  to  their  fellows  without  the  intervention 
of  language,  and  that  the  imparting  of  determined  objects  must  be 
classed  with  the  qualities  of  insect  instinct.  We  have  thus  found  four 
important  functions  which  are  considered  as  the  qualities  of  the  human 
soul  to  exist  even  in  insects. 

§286. 

If  we  now  survey  the  several  phases  of  the  instinct  of  insects,  we 
shall  lind  that  all  refer  either  to  the  preservation  of  the  individual  or 
to  the  conservation  of  the  species,  and,  consequently,  stand  in  close 
connexion  either  with  the  several  functions  of  insects,  to  provide 
themselves  with  subsistence,  or  with  the  suitable  depositing  of  their 
^gs,  the  provision  of  their  young,  and  their  undisturbed  development, 
&C.  Between  these  two  groups  other  phenomena  present  themselves 
which  refer  to  both,  we  mean  their  connexion  in  large  societies,  which 
is  peculiar  to  certain  species,  and  which  precisely  furnish  us  with  the 
most  animated  and  comprehensive  picture  of  the  several  intellectual 
activities  of  which  insects  are  capable.  We  will,  therefore,  more  closely 
inspect  these  chief  functions  of  the  instinct  of  insects,  and,  in  the  first 
place,  those  referring  to  self-preservation ;  then  those  referable  to  the 
conservation  of  the  species ;  and,  lastly,  the  societies  and  unions  which 
have  been  observed  in  certain  genera  and  species. 


504  FSYCHOIiOOICAI.   PHTBIOLOOY. 


EIGHTH  CHAPTER. 


OF   THEIR    SELF-PRESERVATION. 


i  287. 

The  means  which  insects  make  use  of  for  self-preservation  are  of 
two  kinds,  as  they  refer  to  their  mode  of  procuring  food  and  to  their 
means  of  defence  against  their  enemies.  They  hoth  evince  in  so  many 
instances  an  amount  of  sagacity^  that  we  feel  astonished  at  the  apparent 
high  degree  of  reflection  and  consideration  announced  by  it ;  indeed 
they  would  absolutely  convince  us  of  a  freer  activity  of  the  mind,  did 
not  the  same  phenomena  of  necessity  and  a  want  of  freedom  exhibit 
itself  in  as  far  as  that  every  individual  repeats  the  same  processes  in 
the  same  manner  and  in  perfect  concordance  even  to  their  minutest 
details,  without  having  learnt  it  from  its  predecessors. 

I.  Means  of  Defence. 
§  288. 

The  means  insects  have  received  firom  nature  for  their  defence  may 
also  be  viewed  under  two  aspects,  namely,  first,  as  a  passive  means 
derived  from  the  form  and  structure  of  their  bodies,  and,  secondly,  as 
an  active  means  of  defence  derived  from  the  firee  exertion  of  strength  on 
the  part  of  the  insect. 

Passive  means  of  defence  are  derived  chiefly  from  the  form  and 
colour  of  the  body,  by  their  giving  insects  such  a  resemblance  to  the 
objects  in  or  upon  which  they  dwell,  that  upon  superficial  observation 
it  is  not  easy  to  distinguish  them  from  it.  To  give  examples  of  this, 
we  might  remind  our  readers  of  the  similarity  of  colour  of  many  beetles 
to  the  ground  upon  which  they  are  found.  This  is  strongly  exemplified 
in  the  large  family  of  Curculios,  in  which  the  majority  of  the  species 
of  the  genera  Thyladtes^  Sitona,  Trachypkleeus,  Cleonis,  Sec  are  of  an 
earthy  grey  or  yellowish,  like  the  sand  or  loamy  soil  where  they  creep. 
Thylacites  incanus  is  of  a  brownish  yellow,  like  that  of  the  colour  of 
the  earth  of  the  woods  covered  with  fallen  pine  leaves.     Thylacites 
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geminatust  in  many  districts  a  very  injurious  enemy  to  young  vines, 
is  of  the  same  yelloAvisL  brown  grey  colour  as  the  soil  of  vineyards. 
CUonis  suldrostru,  CL  glauca,  CL  marmorata,  &c.,  are  greyish,  like 
the  dry  light  earth  upon  which  they  crawl.  The  resemblance  is  still 
more  striking  in  those  beetles  which  dwell  upon  a  slippery  day  soil, 
and  which  from  their  rough  integument  are  unwillingly  soiled  with 
this  clay,  as,  for  instance,  Asida  grisea^  Brachycerus  algirus,  Mekus 
variolasiu,  Trox  arenarius,  Opalrum  sabuiosum,  and  many  others. 
Others,  again,  like  our  native  tortoi8e->beetIes  (Catsidea)  are  generally 
of  the  bright  green  colour  of  the  plant  upon  which  they  dwell. 
But  the  resemblance  of  insects  in  other  orders  to  lifeless  things  is  still 
more  remarkable,  namely,  in  the  Orthoplera,  in  which  many  species  of 
the  genus  Mantis  resemble  fallen  and  green  leaves,  both  in  form  and 
colour,  as  Mantis  siccifolia,  M.  oratoriaf  M,  phyliodes,  &c.  The 
locusts  also,  which  dwell  chiefly  amongst  high  grass  and  upon  green 
plants,  are  usually  of  a  bright  grass  green ;  others,  as  L.  Epkippium 
and  the  GryUiy  which  prefer  dry  hedges  and  fields,  are,  like  these,  of  a 
grey  streaky  colour  and  sculpture.  This  is  also  the  case  with  many 
bugs,  which,  as  they  are  deprived  of  all  other  means  of  defence,  would 
necessarily  become  the  easy  prey  of  all  enemies  if  they  did  not,  as  in 
the  species  of  the  genus  Aradus,  resemble  the  bark  of  trees  where  they 
dwell,  or  were  they  not,  like  the  Corei,  difficult  to  discern  upon  fields  and 
hedges  where  they  are  found,  from  their  grey  colour.  The  same  means 
of  defence  is  possessed  by  many  of  the  moths  which,  as  it  is  well  known, 
repose  tranquilly  during  the  day,  and  only  fly  at  dusk.  Many  conceal 
themselves  in  the  slits  of  the  bark,  and,  consequently,  from  their  con- 
formity of  colour,  are  easily  overlooked.  The  caterpillars  also  of  many 
Lepidoptera  possess  in  their  form  and  colour  means  to  prevent  their 
being  observed,  many  of  them  being  green,  like  the  leaves  upon  which 
they  live.  Others,  namely,  the  Geometers,  so  closely  resemble  the  young 
twigs  of  trees,  that  even  upon  a  strict  inspection  they  are  difficult  to  be 
recognised  as  caterpillars,  particularly  if  they,  as  they  not  unusually  do, 
stretch  themselves  straight  out,  holding  only  by  their  posterior  1^, 
when  they  perfectly  resemble  a  young  leafless  twig.  I  was  myself  once 
thus  deceived  by  the  caterpillar  of  Ph.  quercinaria,  Borkh  {Eunomus 
Erasaria,  Tr.),  mistaking  it  for  a  small  dry  twig,  upon  wishing  to 
•break  off  a  small  twig  of  oak,  but  I  subsequently  observed  its  motion, 
and  then,  upon  a  closer  inspection,  rea^nised  it  as  the  caterpillar  of 
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this  moth.  The  caterpill'drs  alsu  of  Gastropkaga  quercifoliay  of  Cato^ 
cala  Fraxiniy  O.  &c.,  very  much  resemble  the  dry  twigs  of  trees,  and  the 
moth  of  the  first  also  closely  resembles  a  dry  fallen  leaf,  and  may  thus 
easily  conceal  it.self  when  it  reposes  motionless  by  day,  as  is  the  case 
with  most  moths. 

As,  in  all  the  above  instances,  form  and  colour  are  the  means  of 
defence,  in  others,  it  is  provided  by  the  external  integument  and 
peculiar  habits.  Thus  the  caterpillars  of  most  of  the  butterflies  and 
the  larva;  of  the  tortoise-beetles  have  a  skin  covered  with  simple  or 
ramose  spines,  which  clothing  gives  them  a  formidable  appearance,  and 
thereby  partly,  and  partly  by  the  pain  which  the  spines  give  to  the 
oesophagus,  disqualify  them  for  being  the  food  of  birds.  Others  are 
protected  by  their  thick  hairy  clothing  both  against  the  prejudicial 
influences  of  the  elements  as  well  as  from  the  attacks  of  insectivorous 
birds.  The  cuckoo  alone,  which  likewise,  from  its  other  habits,  is  a 
most  remarkable  bird,  not  deterred  by  this  fur  from  swallowing  such 
caterpillars,  and  it  is  thence  that  its  stomach  is  frequently  covered 
inside  with  hair,  an  occurrence  that  has  occasioned  much  dispute,  as 
some  naturalists  maintain  that  this  accidental  clothing  is  the  constant 
structure  of  the  stomach.  Among  the  habits  which  many  insects  find 
a  protection  from  their  enemies,  we  include  that  of  many  larvs  covering 
themselves  with  their  own  excrement,  as  is  the  case  with  the  larva  of 
Lerma  merdigera  and  some  others.  They  then  resemble  little  lumps 
of  dirt,  and  are  certainly  also  regarded  as  such  by  many  of  the  enemies 
of  insects. 

Other  insects  secrete  peculiar  fluids,  in  which  they  partly  envelope 
themselves  and  partly  thereby  secure  themselves  from  the  attacks  of 
their  enemies.  The  Aphrophora  spumaria  is  one  of  these,  which 
envelopes  itself  in  a  thick  white  frothy  fluid,  that  comes  out  of  the 
anus.  This  cuckoo-spittle  is  found  during  summer  upon  almost  all 
shrubs,  and  particularly  willows ;  within  it  is  seated  the  larva  of  that 
Cicada,  which  undisturbedly  sucks  its  nutriment  from  the  plant,  con- 
stantly the  while  secreting  fresh  bubbles.  The  perfect- winged  insect 
has  no  longer  the  frothy  covering.  We  find  other  coverings  in  the 
ApkidiB  and  tortoise-beetles,  which  envelope  themselves  with  a  white 
woolly  or  fibrous  substance,  the  origin  of  which  we  are  not  yet 
acquainted  with,  but  it  appears  likewise  to  be  produced  by  a  peculiar 
secretion  of  the  skin.     Other  insects,  as  the  Caniharides,  burying* 
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beetles,  carrion-beetles^  carriuii-flies^  wasps,  &c.,  emit,  u()oo  being 
toudied,  suck  a  nauseous  stench,  that  this  must  prevent  every  insectiro- 
rous  bird  from  using  them  as  food. 

Another  peculiarity  which  may  be  also  classed  among  the  passive 
means  of  defence  is  their  tenacity  of  life,  and  for  which  they  have  to 
thank,  in  the  first  place,  an  organisation  adapted  to  all  possible  circum- 
stances, and,  secondly,  their  hard  exterior  integument.      The  latter 
acquires  in  many  insects,  particularly  the  beetles,  such  hardness,  that 
it  is  with  difficulty  that  their  elytra  can  be  pierced.     This  is  especially 
the  case  with  the  large  Curculiost  for  instance,  the  species  of  the  genus 
Cleonis,  Lixusy  Oiiorhynchus,  &c.,  then  in  the  Histers,  which  have 
so  firm  an  integument,  that,  upon  any  but  a  stony  surface,  they  may 
be  trod  on  with  impunity,  and  are  more  easily  pressed  into  the  ground 
than  crushed.     This  is  partly  the  case  also  with  the  Bt^rrhi     This 
hard  clothing    is   not  found  exclusively  among   the  beetles ;   in  the 
otherwise  soft  Diptera  there  is  an  instance  of  the  kind,  namely,  in  the 
louse- fly  of  the  sheep  (Melophagus  ovinus),  which  cannot  be  crushed 
between  the  fingers ;  and  the  smaller  parasites,  as  the  louse  and  the 
flea,  are  diflicult  to  crush  in  this  manner.     Respecting  the  tenacity  of 
life  with  which  they,  eveq  wounded  or  mutilated,  resist  death,  we  have 
before  cited  instances*    Impaled  insects  will  live  thus  for  several  weeks, 
and  at  last  appear  to  die  less  from  the  efifect  of  the  injury  than  from 
hunger.     I  myself  have  kept  Biaps  moriisaga  for  three  months  without 
food ;  and  Rudolphi  mentions,  in  his  "  Physiology,"  an  instance  which 
Schiippel  communicated  to  him,  oi  an.insect  of  the  same  family  which 
this  skilful  entomologist  received  from  the  South  of  France,  which, 
although  impaled,  arrived  alive  in  B^lin,  and  here  even  continued  still 
tu  live  for  some  time.   Other  cases,  in  which  beetles  have  been  enclosed 
in  wood  for  years  without  any  food,  have  been  communicated  by  other 
writers ;  and  instances  of  insects  remaining  torpid  in  spirits  of  wine 
for  several  hours,  and  indeed  days,  and  yet  be  re-aroused  from  their 
sleep  upon  being  brought  into  the  air,  I  have  previously  mentioned. 
They  still  longer  retain  their  life  in  water.    According  to  Lyonet,  the 
caterpillar  of  Coisus  ligniperda  will  live  nearly  three  weeks  beneath 
water ;  and  according  to  Curtis,  the  plant  lice  will  survive  for  sixteen 
hours  in  that  element,  bnt  die  if  continued  for  twenty-fonr.     Kirby 
and  Spence  relate,   after  Reeve,  instances  in  which  in  warm  foun- 
tains, the  temperature  of  which  was  about  205*"  Fahr.,  he  has  found  the 
larvK  of  Tipula  ;  and  Grood  has  observed  little  black  beetles,  probably 
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Cofymbetes,  in  the  hot  sulphur  baths  of  Albano,  and  which  died  when, 
placed  in  cold  water.  He  himself  found  a  specimen  of  Lycius  JuglandU 
Fab.,  in  the  warm  dung  of  a  hotbed,  and  cast  it  into  hot  water  to  kill 
it ;  after  it  had  been  some  time  there  it  was  removed,  and  appeared 
dead,  but  speedily  again  moved,  and  entirely  recovered.  Reaumur  and 
De  Geer  also  relate  instances  of  the  larvse  of  the  gnats  being  found 
frozen  in  ice,  and  which  revived  when  the  ice  melted.  One  of  my 
acquaintances  saw  a  Dyticus  latissimus  enclosed  in  ice,  he  took  it  out, 
and  found  it  alive ;  and  Alex.  v.  Humboldt  found  insects  upon  the 
Cordilleras  above  the  limits  of  snow,  which,  although  not  natives  of  this 
altitude,  yet  retained  their  vivacity  at  this  temperature. 

§  389. 

The  active  means  of  defence  which  we  find  in  insects  are  more 
numerous  and  more  striking  to  the  eyes.  Some  appear  merely  defen- 
sive, in  as  £ur  as  insects  which  use  them  can  only  protect  themselves  by 
attitude  and  appearance :  among  them  we  dass  the  sudden  torpidity 
aped  by  many  insects  in  a  moment  of  danger.  Thus  the  minute  Aga- 
thidia  roll  themselves  up,  and  appear  dead ;  thus  the  Byrrhi  and 
Anobia  contract  their  limbs,  and  pretend  death  so  long  as  they  are  in 
the  hands  of  their  enemies.  Others  stretch  out  their  limbs,  as  GeO' 
trupes  siercorarius,  and  thus  imitate  dead  insects.  Among  the  Hy^ 
menoptera  the  ruby-tails  {Chrysoded)  adopt  the  first  plan  of  deceiving 
their  enemies,  by  rolling  themselves  up  when  caught,  and  only  arouse 
themselves  upon  the  departure  of  their  enemy.  Others,  particularly 
the  tortoise  beetles  and  Curculios,  endeavour  to  secure  themselves  upon 
the  approach  of  an  enemy  by  suddenly  falling  down  from  the  leaves 
upon  which  they  were  seated,  that  they  may  thus  conceal  themselves 
among  the  leaves  and  blades  of  grass ;  if  they  are  found  here  they  si- 
mulate death,  but  not  with  the  obstinacy  of  the  species  of  the  preceding 
genera.  Those  active  means  of  defence  which  may  likewise  be  used  as 
defensive  weapons  are  very  numerous,  and  partly  consist  in  large  man- 
dibles and  other  pinching  instruments,  and  partly  in  concealed  stings. 
All  the  carnivorous  beetles  are  furnished  with  the  first  kind  of  arms, 
namely,  the  Carabi,  CicindekBg  Dyiici,  StaphyUni,  &c.  In  general, 
however,  the  bite  of  these  creatures  is  not  injurious,  and  with  the 
exception  of  the  pain  occasioned  by  the  mechanical  injury,  the  bite  has 
no  prejudicial  consequences.  Among  the  vegetable  feeders  also  there 
are  many,  as  the  Dyncuies,  Lucanus  Cervus,  many  Capricorn  beetles. 
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and  others,  furnished,  some  with  really  large  mandibles  and  others  with 
processes  apon  the  head  and  prothorax,  which,  like  the  mandibles,  can 
meet  like  tongs,  and  thus  serve  as  a  weapon.  This  is  asserted  of  the 
Hercules  and  its  large  comrades.  Pincers  of  a  different  kind,  as  in  the 
earwig,  are  likewise  doubtlessly  arms,  but  in  general  their  possessors 
are  too  weak  to  wound  the  larger  animals  or  man  with  them.  The 
generally  known  means  of  defence  of  the  bomb-beetle  (Brachynus 
crepitans)  is  of  a  peculiar  description :  it  consists  in  its  ejecting  from 
its  anus  against  its  enemy  a  vapoury  moisture  accompanied  by  a  slight 
sound,  and  which  vapour  has  great  resemblance  to  the  gas  of  aquafortis. 
It  is  not  yet  distinctly  known  what  organ  secretes  this  fluid ;  according 
to  some  it  is  the  anal  glands,  which  we  have  considered  as  kidneys ;  and 
according  to  others,  on  the  contrary,  the  ejected  gas  is  nothing  else  than 
the  air  accumulated  in  the  colon.  This  opinion  seems  to  be  the  most 
correct,  for  in  the  former  we  cannot  distinctly  see  how  the  fluid  con- 
tained in  the  bladders  could  so  immediately  be  transformed  into  gas. 
Another  mode  of  defence,  which  we  have  before  mentioned,  is  allied  to 
this,  namely,  the  ejection  of  the  corrosive  juices  of  the  stomach,  which 
we  observe  in  many  of  the  larvae  of  the  Lepidoptera,  in  almost  all 
CarabodeOy  and  in  the  grasshoppers.  It  has  evidently  for  object  to 
deter  their  enemies,  for  it  is  only  in  moments  of  danger  that  insects 
eject  it,  and  therewith  soil  their  enemies,  as  in  the  Grylli^  or  project  it 
against  them,  as  in  the  rest.  The  sharp  stinking  urine  of  the  Dytici, 
and  the  other  secretions  which  we  have  before  mentioned,  are  cast  forth 
in  the  moment  of  danger  to  check  the  enemy. 

We  have  before  noticed  some  peculiar  organs  of  secretion  in  several 
larvae,  as,  for  instance,  in  that  of  Pieris  Machaon,  which  are  projected 
at  the  approach  of  danger :  they  appear,  in  fact,  to  be  glandular  organs 
whidi  partly  secrete  odours  and  partly  liquids,  for  the  purpose  of 
chasing  the  enemy.  In  P.  Machaon  the  furcate  organ  lies  in  the  neck, 
between  the  head  and  prothorax,  and  the  same  in  Doriiis  ApoUo.  In 
the  larvae  of  Harpya  vinula  it  projects  from  the  tail,  in  the  form  of  a 
filament ;  and  in  the  larvae  of  the  Tenihredonodea  they  lie  between  the 
five  anterior  pair  of  ventral  feet,  and  are  wart-shaped,  transpierced  pro- 
tuberances, which  project  only  during  danger,  and  then  emit  a  peculiar 
odour.  In  other  larvae  they  lie  upon  the  back,  as  in  the  caterpillar  of 
Lip  chrysorrhea.  Among  the  beetles  similar  organs  are  found  in  the 
genera  Caniharis  and  Malachius,  which  in  these  are  seated  at  the 
sides  of  the  thoracic  and  ventral  segments,  and  are  likewise  projected 
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in  times  of  danger.  It  is  remarkable  that  these  organR  in  all  the  pre- 
ceding instances  are  of  a  red  colour :  it  might  be  thence  concluded  that 
the  substances  which  they  secrete  or  contain  are  very  rich  in  acids. 
The  larva  of  Chrysomela  Populi  has  likewise  secreting  organs  upon  its 
back,  in  the  form  of  two  conical  knobs  on  each  segment,  whence,  at  a 
time  of  danger,  a  white,  milky,  and  strongly  scented  fluid  issues,  which 
may  also  serve  chiefly  as  a  means  of  defence.  In  the  processionary 
caterpillar,  according  to  a  recent  discovery  of  Dr.  Nicholai,  the  whole 
external  surface  of  the  skin  secretes  a  sharp  juice,  which  is  ilistributed 

over  the  body  in  a  farinaceous  form,  and  which  acts  very  prejudicially 
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upon  all  organisms  that  inspire  it  ;  therefore  workmen  who  are 
occupied  in  woods  where  this  caterpillar  is  numerous  sicken  ver}" 
rapidly.  Bechstein  knew  that  the  processionary  caterpillar  was  pre- 
judicial to  the  touch,  but  he  ascribed  their  effects  to  the  hair  that  was 
removed  by  it. 

Other  larvae,  which  have  not  received  means  of  defence  in  such 
organs  of  secretion,  nor  in  the  thick  hairy  coat  that  envelopes  them^ 
construct  cases  for  themselves,  into  which  they  retire  upon  the  approach 
of  danger.  We  And  such  among  the  larvs  of  tlie  Coleoptera,  namely, 
in  the  larva  of  Clythra^  which  all  dwell  in  cases  formed  by  themselves, 
and  in  which  they  change  into  pupce.  Among  the  Lepidoptera,  the 
remarkable  genus  Psyche  forms  such  cases  of  morsels  of  wood,  and 
there  change  into  the  pupa,  and  even  the  naked  apterous  female  still 
continues  to  dwell  in  it.  Besides  these,  the  family  of  the  Phryganea 
are  furnished  with  this  means  of  defence;  their  larvae  live  in  the 
water,  and  form  cases  of  small  stones,  pieces  of  wood,  shells,  &c., 
which  they  also  close  with  a  distinct  lid  when  they  change. 

The  sting  is  the  chief  weapon  of  offence.  The  majority  of  insects 
furnished  with  a  sting  as  a  means  of  defence  belong  to  the  order  of  the 
Hymenoptera  ;  it  is  but  recently  that  a  stinging  lepidopterous  insect 
has  been  found,  and  which  we  have  before  mentioned.  It  is  always 
the  female  which  possesses  the  sting,  or  else  the  neuters ;  the  males 
never  have  it.  We  refer  to  the  anatomical  division  of  this  work  for  its 
structure,  and  we  can  only  say  of  the  way  in  which  it  is  used  as  a 
weapon^  that  the  insect  upon  the  approach  of  danger  projects  it  from 
the  abdomen,  and  thereby  endeavours  to  wound  its  enemy  with  it.  It 
is  not  so  much  the  mechanical  injury  that  occasions  the  pain  as  the 
poison  which  is  injected  into  the  wound.  There  are  solitary  instances 
of  two  or  three  stings  being  present  at  the  same  time,  and  whicli  also 
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wound  in  conjunction,  namely,  among  the  wasps,  and  in  the  genus 
Onyderus.  I  have  hitherto  neglected  to  inspect  more  closely  the  struc- 
ture of  this  threefold  sting,  but  I  surmise  that  in  this  case  the  several 
setae  of  which  the  simple  sting  consists  are  more  remote  from  each 
other,  and  therefore  project  separately  from  the  abdomen. 

The  stings  of  the  Diptera  are  not  weapons  of  defence,  but  organs 
whereby  they  may  imbibe  their  nutriment.  They  are  therefore  only 
used  for  this  purpose,  and  not  as  a  means  of  defence.  Among  the 
Ilemipiera,  which  likewise  possess  organs  of  puncture  in  the  mouth, 
the  latter  may  not  be  affirmed,  for  the  Noionecia  defend  themselves 
with  their  proboscis,  and  their  puncture,  as  was  before  mentioned,  is 
very  painful. 

II.  Instinct  op  Nutrition. 

§  290. 

The  food  which  insects  take  is  more  important  to'their  self  preserva- 
tion than  all  these  means  of  defence.  We  have  before  classed  their 
chief  kinds,  and  can  here  only  make  a  iew  observations  upon  the  way 
in  which  they  procure  it. 

In  the  majority  of  insects  this  takes  place  without  much  art  or 
exertion,  in  as  far  as  the  insect  in  its  most  helpless  state,  namely,  as  a 
larva,  finds  itself  generally  in  a  place  where  its  food  is  very  abundant. 
It  has  to  thank  its  mother's  care  for  this,  for  she  lays  the  eggs  mostly 
where  there  is  food  for  the  larva,  or  else  'provides  it  with  food  in  its 
cell,  in  whichshc  has  enclosed  the  egg.  But  these  instances  do  not 
properly  belong  here,  but  to  the  following  chapter,  where  we  shall 
speak  of  the  means  provided  for  the  conservation  of  the  species,  and 
only  such  facts,  as  convince  us  of  the  instinct  of  the  insect  for  its 
independent  supply  of  food,  shall  here  be  mentioned.  Among  our 
native  beetles  the  larvae  of  the  CicindelcB  exhibit  these  instincts.    Thev 

m 

dwell  in  sandy  places,  where  they  dig  a  cylindrical  hole  by  means  of 
their  feet  and  mandibles,  wherein  they  sit.  They  watch  from  this  place 
of  concealment  all  insects  that  pass  by,  and  which  heedlessly  venture  to 
the  margin  of  the  hole,  when  they  fall  in,  and  are  then  devoured  by 
the  larva.  Miger,  who  first  observed  this  larva  *,  has  given  a  detailed 
account  of  its  economy.    The  plan  adopted  by  the  larva  of  the  genus 

*  AnnalcB  du  Muteum  d'Hist.  Nat.  ▼.  14. 
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Myrmecoleon^  in  the  order  of  the  Neuroptera,  is  very  similar  to  this, 
which  18  also  found  ahnndantlj  in  sandy  places^  and  here  excavates 
a  funnel-shaped  cavity,  at  the  bottom  of  which  it  lies  concealed  witib 
its  mandibles  projecting,  and  it  likewise  seises  and  sucks  all  insects 
which  by  mischance  fall  in,  and  then  throws  away  the  empty  case 
by  placing  it  on  its  head  and  giving  it  a  jerk.    These  two  larvae  are, 
however,  almost  the  only  ones  in  which  we  observe  such  striking  and 
exceedingly  sagacious  methods  of  procuring  their  food,  the  majority  of 
the  rest  of  the  carnivorous  larvae  hunt  about  like  the  beetles  for  prey. 
The  larvae  of  the  Carahodea  are  found  especially  in  the  eaith^  beneath 
stones,  and  in   other  nooks,  where  they  prey  upon  the  v^etable- 
devouring  larvae,  which  seek  a  place  of  safety.     It  does  not,  how- 
ever, appear  that  the  law  that  carnivorous  animals  shall  not  destroy 
other  camivora  is  strictly  obeyed,  for  indeed  the  larvae  of  one  species 
frequently  devour  those  of  another,  which  Miger  states  of  the  voradoas 
larvae  of  the  CicindeUs,     The  black  larva  of  Caloioma  sifcopkania 
devours  with  appetite  the  caterpillar  of  the  Lepidoptera,  especially  that 
of  LiparU  dispar ;  consequently,  where  this  caterpillar  is  abundant 
they  are  also  abundantly  found.     They  are  then  observed  to  pursue  their 
food  even  by  day,  and  knowing  that  the  caterpillars  are  found  especially 
upon  trees*  they  themselves  climb  up  and  there  attack  them.    It  is 
chiefly  in  the  morning  about  sunrise  that  they  are  to  be  found  there ;  I 
have  also  detected  the  perfect  insect  in  the  same  pursuit.    We  cannot, 
however,  maintain  that  other  larvae  possess  peculiar  instincts  for  obtain- 
ing their  food.     The  vegetable  feeders  are  deposited  in  the  ^g  state 
by  the  mother  in  the  vicinity  of  plants,  where  they  find  their  food. 
This  is  likewise  the  case  with  the  perfect  insect.     The  Leptdaptera 
and  Hymenoptera  fly  from  flower  to  flower,  visiting  at  pleasure  now 
this  and  now  that ;  insects  which  devour  vegetable  substances  dwell 
in  tlie  vicinity  of  the  plants  which  serve  them  as  food,  or  if  less  particular 
in  their  choice,  they  feed  wherever  it  presents  itself;  a  few  undertake 
wider  migrations  for  theirs,  as  the  locust,  and  devour  every  vege- 
table they  meet  with.     But  it  is  not  a  migratory  insect  in  the  same 
sense  as  in  birds,  but  it  is  found  almost  all  over  Germany,  sometimes 
singly  and  sometimes  in  bodies,  but  sometimes  their  numbers  are  so 
great  that  one  district  is  no  longer  able  to  support  them,  and  they  then 
undertake  their  devastating  expeditions.     Other  species  of  this  genus 
also  seem  to  possess  this  wandering  propensity,  at  least  the  South 
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African  mignitory  locust  is  specifically  different  fron  the  European 
ene.  Whether  the  migrations  of  the  LibeUuk&  hare  the  same  object 
cannot  be  ascertained  with  certainty^  but  it  is  improbable^  as  they  axe 
carnivorous. 


NINTH  CHAPTER. 


OF  THE  CONSERVATION  OF  THE  SPECIES. 


THE  SEXUAL  INSTINCT. 

§291. 

Thb  impulses  which  nature  has  implanted  for  the  conservation  of 
the  species  are  more  evident  than  those  for  the  preservation  of  the 
individual.    We  have  before  hinted  that  all  the  several  conditions  of 
insect  life  appear  to  have  for  their  chief  object  the  conservation  of  the  spe- 
cies, and  we  have  also  ascertained  that  the  life  of  the  individual  termi- 
nates with  its  sexual  activity^  it  having  thereby  fulfilled  the  object  nature 
contemplated  through  its  means,  and  it  may  theil  quit  the  stage.     If 
now,  therefore,  we  collectively  comprise  together  the  several  phenomena 
which  refer  to  the  sexual  functions,  we  shall  find  them  to  consist  of 
two  chief  divisions,  under  which  the  various  functions  may  be  classed. 
These  are,  the  impulse  which  brings  the  sexes  together,  the  copulative 
impulse,  and  that  which  urges  the  impr^nated  female  to  take  such 
care  of  her  eggs  and  young  that  they  may  thrive  under  favourable  cir- 
cumstances, an  impulae  which  admits  of  comparison  with  the  maternal 
love  of  the  human  race,  and  which  in  insects  also  exhibits  itself  in  the 
anxiety  of  the  parent  for  her  progeny. 

I.   COPULATIVB   ImPULSB. 

§  292. 

This  impulse  presents  itself  in  insects  so  soon  as  they  have  attained 
their  perfect  state*  and  it  henceforward  predominates  throughout  the  life 
of  the  individnaL  The  duration  of  the  lives  of  insects  depends  upon 
tiidr  copulation,  for  the  majority  die  speedily  after  its  accomplishment, 
and  only  those  which  have  been  prevented  from  the  act  can  survive 
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lon^n  Henoe  ec^rnktion  it  the  obje^  far  whkh  NiMir*  prodi 
iadi^dualfp  and  ohe  mutt  ncoesaarily  lie  anxieiiB  for  ito  moBt  easy  and 
wcufest  attainmeat;  We  find  aeveral  arran^menta  to  preoiote  thia 
objeotf  which  facilitate  the  mutual  meeting  of  the  sexea^  soane  of  which 
are  merely  corporeal^  and  others  are  called  forth  by  the  instinct.  la 
the  majority  of  cases  it  is  in  the  male  that  this  impulse  first  becomes 
active,  and  it  is  therefore  they  especially  which  seek  the  female.  When 
difficulty  attends  this.  Nature  has  often  provided  peculiar  organs  to 
render  it  more  easy.  One  of  the  most  usual  means  consists  in  the 
malea  being  more  nimienraa  than  the  females ;  indeed  it  ia  not  possible 
to  give  the  exact  proportions  of  the  sexes,  but  it  is,  according  to 
De  Geer's  calculation,  among  the  Phalena,  about  three  to  one;  or, 
according  to  Lyonet,  about  four  to  one.  Among  the  bees  there  are 
several  hundred  males  and  only  one  fertile  female.  Another  means  is 
the  greater  activity  of  the  male..  They  are  generally  smaller  in  8iae» 
have  longer  wings,  longer  antennae  and  legs,  or  have  wings  in  many 
instances  when  the  female  is  without  them,  as  in  Lampyris,  Stfmbuu, 
Psjfche,  many  Phalena  (AcidaUa  brumala,  &c),  the  MutUla,  Mclkoca^ 
Myrmosay  &o.  Sometimes,  also,  the  females  have  peculiar  marks  of 
distinction,  as  in  Lampyris,  in  the  female  of  which  the  light  emitted 
is  considerably  brighter  than  that  produced  by  the  male.  A  reversed 
relation  occurs  in  the  AchettB,  Locusla,  and  Cicada,  in  which  the 
males  are  furnished  with  a  vocal  organ  not  found  in  the  females.  We 
observe  the  same  phenomena  also  in  the  singing  birds,  among  which 
the  males  only  are  the  songsters.  Thus  Nature  wished,  by  furnishing 
the  males  with  distinguishing  characters,  to  place  them  in  a  condition 
to  lure  the  females  from  their  hiding  places,  which  in  most  of  the  men- 
tioned instances  it  is  their  habit  to  resort  to.  Others,  as  the  nocturnal 
Lepidoptera,  have  received  for  this  purpose  a  very  developed  sense  of 
smell,  by  means  of  which  they  can  discover  the  female  at  considerable 
distances,  to  whom  they  immediately  flock.  I  have  myself  observed 
males  of  Liparis  salicis  fluttering  around  my  breeding-cage,  in  which 
there  were  several  just  developed  females  of  the  same  species ;  upon 
my  letting  them  into  the  cage  they  immediately  copulated.  Thia 
instinctive  impulse,  the  satisfying  of  which  nature  has  thus  &d- 
litated,  is  most  conspicuous  also  in  the  Lepidoptera,  The  males  of 
many  Noctua  will  even  copulate  with  impaled  and  half  dead  femalea, 
and  the  excitement  of  other  insects  occasionally  urges  them  to  an  intern- 
mixture  with  indtvidoab  of  a  different  Bpedes,  and  even  of  ^a  diftrent 
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genus.  Sevvral  such  intUuioet  have  been  observed;  Rossi *>  far 
lastencet  detected  •  oon»ezi<m  between  Cantharismettitntra  and  Slater 
Miger^ the  fbnner  the  mak,  the  latter  the  female;  Miiller^  of  Odenbach, 
obserred  a  oennexion  between  Chr^  mtla  graminU  and  Chry.  pMa, 
and  of  AtldabuM  coryU  and  Donacia  dmpk*,  in  bodi  instances  Uie 
first  was  the  female ;  and  Heyer,  of  Liinebeig^  saw  a  female  CaniharU 
rufa  actually  connected  at  the  same  time  with  two  males.  Treviranosf 
mentions  other  cases  of  such  commixture,  namely,  one  between  a  male 
Mdoiontha  agricda  and  a  female  Ceionia  hirta ;  and  two  others^ 
observed  by  O.  F.  Miiller,  in  which  Chrysomela  JEnea  was  connected 
with  Galleruca  alni,  and  Papilio  Tnriina  with  Papilio  Janira.  It  is 
uncertain  whether  such  mixtures  have  been  productive,  but,  from  the 
analogy  of  the  superior  animals,  we  mi^t  say  no ;  should,  however* 
the  copnkdon  of  closely  allied  species  actually  produce  young,  these 
would  not  be  able  to  unite  productively,  as  is  proved  by  the 
general  rule  of  analogous  instances  in  the  superior  animals,  yet  this, 
even,  is  not  without  exception.  Hence  6ravenhorst*8  opinion,  that 
from  sudi  bastard  copulations  of  allied  qiecies  many  intermediate  forms 
originate,  must  be  totally  rejected,  exclusively  of  the  view  that  in  case 
oi  such  a  course  in  nature,  its  beautiful  regularity  and  order  would 
speedily  terminate  in  illimitable  confusion,  of  which,  however,  there  is 
not  the  least  proof. 

IL  Affsction  for  ths  young. 

§  293. 

The  chief  business  of  the  male  terminates  in  copulation ;  but  it  is  ^ 
this  which  first  excites  in  the  female  the  impulse  that  stimulates  her  to 
the  completion  of  her  most  important  occupation.  This  impulse  hence- 
forth exhibits  itself  to  us  in  her  affection  for  her  progeny,  it  is  the 
cause  of  her  activity  after  copulation,  and  in  aid  of  which  her  most 
distinguishing  and  remarkable  instincts  are  developed.  We  will  now 
survey  these  in  detail  in  the  several  orders. 

In  the  beetles  this  instinct  presents  itself  almost  solely  in  the 
suitable  depositing  of  their  eggs.  Just  as  the  birds  of  prey  are  not 
distinguished  by  any  artificial  preparation  of  their  nests,  so  we  may 
maintain  of  the  predaceous  beetles,  that  they,  as  those  birds  place  their 
nests  on  elevated  inaccessible  situations,  deposit  their  eggs  in  concealed 

*  Gennw't  Migazin,  toI.  hr.  p.  404.  t  VermiRkto  Scbriften,  toL  i.  p.  22. 
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and  retired  plapes  safe  froin  the  attacks  of  their  enemies  ;  it  is,  therefdre, 
Tery  mrely  that  we  find  not  merely  their  eggs,  but  even  their  young  krve. 
Nor  do  we  know  whether  the  mother  furnishes  them  with  food'for  their 
first  supply,  yet  it  is  much  to  be  doubted,  as  many  of  their  larvae,  which  as 
remarkable  exceptions  do  not  feed  upon  animal  matter,  as,  for  instanoe, 
the  larva  of  Zabrus  gibhusy  immediately  find  in  their  vicinity  a  suffi- 
ciency of  food  in  the  young  roots  of  corn  *.  Thus,  also,  the  ^gs  of  the 
water  beetles  may  be  deposited,  witliout  any  particular  care  on  the 
part  of  the  mother,  at  the  bottom  of  ponds  and  pools  in  which  the 
beetles  are,  for  the  young  larvae  will  find  in  the  water  a  sufficiency  of 
other  larvee  to  feed  upon.  The  modes  of  life  vary  considerably  in  the 
Slaphtflini  in  their  perfect  state,  but  the  majority  live  upon  animal 
substances.  But  the  larvae  are  rarely  found,  and  least  likely  to  be  so 
there  where  we  discover  the  perfect  insect ;  we  may  therefore  conclude 
that  they  also  live  beneath  the  earth,  where  they  find  their  food  in  con- 
cealment. The  larvae  of  the  carrion  beetles  are  more  visible,  they  axe 
frequently  observed  in  the  society  of  their  parents,  and  we  may  therefore 
conclude  that  the  fiemale  deposits  her  egg  in  the  carrion,  where  the 
young  immediately  find  nutriment.  In  the  large  fjcmiily  of  the  Lamd" 
Ucomia  there  exists  a  great  difference  both  in  the  nature  of  the  food  and 
in  their  mode  of  depositing  their  eggs.  The  vegetable  feeders  lay  their 
eggs  in  the  earth,  where  we  find  the  larvae  feeding  upon  roots,  or  even 
upon  the  soil;  the  excrement  feeders,  on  the  contrary,  likewise  dig 
holes  in  the  earth,  wherein  to  deposit  their  eggs,  but  they  supply  their 
larvsB  with  food,  by  rolling  up  balb  of  excrement,  in  which  they  envelope 
their  eggs.  We  therefore  occasionally  find  the  beetle  occupied  in  care- 
fully pushing  this  ball  along,  as  we  have  recently  related  of  Gymfto^ 
pleurtu  pHularius.  Copris  lunaris,  which  prefers  the  dung  of  sheep, 
is  said  to  use  the  individual  lumps  of  it  as  balls  for  her  e^s,  depositing 
a  single  one  in  each,  and  then  burying  them.  Examples  exhibiting 
greater  skill  are  rare  among  the  Coleaplera,  yet  Hydrophilus  piceu^, 
aocording  to  Miger,  forms  a  little  boat  of  substances  which  it  fixe« 
together  by  means  of  some  viscid  fluid,  and  herein  depositing  the  eggs, 
closes  it,  leaving  it  to  its  fate.  The  Capricorn  beetles,  and  bark  beetles, 
which  busy  themselves  with  the  destructioa  of  dead  trees,  lay  their 
eggs  in  and  upon  them,  generally  beneath  the  bark,  and  it  is  their 
larvae  which  gnaw  the  wood  in  all  directions.     The  same  is  the  case 

*  Crermwr**  MagaziS,  toI.  i  put  i*  |i.  1,  %k. 


AFPKOTION  TOR  THB  YOUKO.  51? 

ymth  the  Anobia  and  the  Ptini,  but  these  prefier  dry  mainuiketiired 
wood,  paper,  &c. ;  thef  coiiBeqaently  produce,  in  their  larva  state,  the 
same  injary  to  furniture  and  libraries*  The  for  beetles  and  fur  moths 
also  are  destructive  only  in  their  larva  state,  and  it  is  by  the  care 
ef  the  mother  that  th^  are  deposited  in  furs  and  wool,  which  they  use 
ad  food.  The  Chrysomelts,  as  larvtt,  live  upon  leaves,  and  are  deposited 
npon  them  in  their  egg  state  by  the  mother ;  the  CurcuUaa,  which 
prefer  especially  the  seeds  of  plants,  are  deposited  in  flowers  as  eggs, 
«did  during  the  development  of  the  fruit  they  devour  its  substance,  for 
which  purpose  nature  produced  them,  and  then,  instead  of  a  shell  pnn 
ducing  a  kernel,  it  produces  a  beetle. 

All  the  other  orders  furnish  us  with  similar  instances  of  the  affection 
of  the  parent  for  her  progeny.  It  would  lead  us  too  for  were  we  thus 
to  go  through  them  individually  to  show  their  consimility  by  adduc- 
ing instances ;  we  will  merely  remark,  that  the  large  order  of  the 
Lepidopteray  throughout  all  its  members,  exhibits  the  same  anxiety 
and  care  in  depositing  their  eggs.  Almost  all  caterpillars  feed  upon 
leaves,  and  therefore  almost  aU  eggs  are  deposited  upon  the  pknte 
themselves,  or  in  their  proximity.  The  majority  are  much  exposed* 
and  are  therefore  enveloped  by  peculiar  coverings,  which  the  mother, 
precisely  as  among  the  birds,  procures  from  her  own  body.  Others 
Have,  instead,  a  hard  glue-like  case,  over  which  a  second  woollen  cover- 
ing is  spread.  The  fruit  moths  deposit  their  ^gs  upon  ripening  fruit, 
nnripe  fruit  they  will  not  touch. 

The  e^  of  the  Orthopiera  are  deposited  in  general  in  the  earth, 
usually  in  particular  holes  dug  expressly  for  this  purpose  by  the 
fomale,  and  which  are  again  closed  so  soon  as  she  has  placed  all  her 
eggs  therein.  As  the  young  immediately  after  their  development 
seek  the  light,  and  feed  upon  leaves  of  all  kinds,  provision  furnished 
by  the  parent  was  here  also  unnecessary ;  whereas  the  Diptera  and 
Hemiptera  lay  their  eggs  generally  in  such  places  as  the  developed 
larva  can  immediately  find  food.  We  thus  find  the  eggs  of  the 
S^phodea  among  the  plant  lice,  which  the  larva  devours,  or  in  the 
nests  of  the  bees  and  wasps,  whose  honey  they  help  to  devour.  The 
^gs  of  the  true  flies  {Musca)  are  laid  by  the  mother  in  dung  or 
carrion,  which  substances  constitute  the  food  of  the  larvae.  The 
gnats  let  their  eggs  fell  into  the  water;  here  the  larvae  are  deve- 
loped, and  one  species  of  them  devours  the  other  with  as  much  voracity 
as  they  themselves  are  again  seized  by  the  larger  larvas  of  the  water 
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beetles.  The  tgg^  of  the  bogs  we  find  npon  the  kafee  and  etems  «£ 
plontSy  the  joieet  of  which  the  lurvn  imbibe;  the  sane  in  the  planl 
lioe  and  Cicada,  which  select  the  same  materials  as  food.  The  water 
bogs  live  as  larree  also  in  the  water,  and  feed  upon  pre?*  We  there 
find  their  ^gs,  bat  generally  placed  in  rows  affixed  to  the  stems  and 
leares  of  plants  growing  beneath  the  water. 

But  the  maternal  care  is  exhibited  most  strikingly  in  the  order  of 
the  Hymenapiera,  and  here  presents  itself  in  such  a  variety  of  fbms 
that  we  cannot  refuse  ourselves  a  detailed  description  of  this  attractive 
subject. 

The  Tenihredonodea,  whose  larvse,  like  the  caterpillars  of  the  LepU 
dcpiera,  feed  upon  fresh  vegetable  substances,  cut  with  their  saw-shi^ped 
ovipositor  the  surfaces  of  leaves^  and  in  these  incisions  deposit  their 
eggs.  Here  the  larvae  develope  themselves,  and  subsequently  feed 
upon  the  same  leaves,  f  Thus  their  care  for  their  pn^eny  perfectly 
corresponds  with  that  of  the  majority  of  other  insects.  The  Ickmeu^ 
tnons  also  are  not  distinguished  by  a  greater  anxiety  from  the  rest ;  they 
deposit  their  eggs  in  other  larvae,  particularly  in  the  caiterpillars  of  the 
Lepidoplera,  and  for  this  purpose  they  bore  a  hole  with  their  pointed 
ovipositor  in  the  skin  of  the  caterpillar,  through  which  the  egg  passes 
into  its  body.  In  the  gall-flies  the  egg  is  also  deposited  in  the  paren* 
ehyma  of  the  leaf,  but  steeped  in  a  corrosive  moisture,  which  occastOBs 
a  powerful  influx  of  the  juices  to  the  wounded  part.  This  thereby  grows 
gradually  into  a  cellular  body,  the  so  called  gall-nut,  in  the  inaide 
of  which  the  larva  lives,  feeding  npon  the  juices ;  it  changes  here  into 
the  pupa,  and  also  into  the  perfect  insect,  in  which  state  it  pierces 
through  the  dwelling  nature  prepared  for  it  through  the  oare  of  the 
mother,  and  then  first  sees  the  light  of  day.  But  this  care  ia  still  more 
striking  in  the  fbssorial  wasps,  all  of  which  dig  snbtenanean  cavitiea, 
whither  they  convey  insects  which  they  have  caught  and  killed,  and 
in  whidi  they  deposit  an  ^g ;  the  body  serves  the  young  larva  as 
food,  and  the  hole  is  a  secure  dwelling.  We  have  before  admired  the 
strength  and  patience  which  many  species  of  this  family  apply  to  the 
attainment  of  their  object,  and  we  then  cited  the  large  Ammopkila 
sahulota  as  the  best  known  and  most  striking  instance.  During  the 
summer  we  continually  observe  her  incessantly  empk^ed  in  this  kbcmr  ; 
we  may  also  admire  her  sagacity  in  the  selection  of  a  auitahle 


oeiAer  too  loose  nor  too  firm,  and  f«el  attottiahed  at  tlie  apparent 
toil  to  wbidi  ahe  mniit  so  repeatedly  subject  herself.  But  all  tke 
allied  genera  are  subjected  to  the  same.  Pampiius  and  Pepsls  proceed 
in  the  same  way.  Pelopcnu  oonstmots  sinuons  passages  in  old  timber ; 
Trgpoxj^  and  Crabro  seek  socfa  kolsB  in  walb  add  palings,  and  into 
which  they  convey  the  larvae  they  h«ve  seiaed,  and  where  also  tbey  ky 
^ir  cgg><  Cerceris  and  Phiianihus  likewise  dig  holes  in  the  ground, 
but  they  select  a  loose  soil,  whence  they  are  found  most  frequently  in 
sandy  situations.  PhUanikuM  apivonu  ia  noltmoua  as  a  dangerons 
esemy  to  bees,  as  it  only  makes  nse  of  the  honey  bee  as  food  fbr  its 
larva,  and  which  it  aetaes  wherever  it  finds  them  ^. 

Many  wasps  and  bees  have  similar  habits.  The  majority,  however, 
excavate  themselves  the  holee  in  which  they  deposit  their  eggs, 
and  which  they  line  with  peculiar  substances,  either  made  by  them- 
selves  or  obtained  elsewhere.  But  t£ey  are  nevertheless  distinguished 
fipom  the  former  by  their  not  in  general  supplying  their  larvae  with 
other  insects  or  their  larvae  t,  but  either  with  the  pollen  or  the  nectar  of 
flowera,  either  in  its  raw  state  or  previously  prepared  by  them*  Among 
the  wasps  this  custom  is  found  in  the  genera  OdyneruSf  EumemeSt 
PierockeUuMf  &e.  They  oonstmct  separate  dwellings  for  their  larv^ 
in  day  walls  or  clay  banks,  and  sometimes  even  form  a  tubular  entranee 
to  it,  still  further  to  prevent  the  intrusion  of  unweloome  guesta.  The 
^gg  ia  then  deposited  in  the  cavity,  and  provided  with  a  lujnp  of  p<dlea 
intermixed  with  honey.  Among  the  bees,  the  whole  group  of  Andremm 
Sana  such  nests,  yet  not  in  walls,  but  perpendicularly  in  the  firm  earth. 
The  depth  of  these  shafto,  which  generally  descend  in  a  direct  lin^  is 
net  trifling,  it  frequently  exceeding  a  foot ;  at  the  ^d  <^  the  shaft  lies 
tiie  egg,  or  larva,  embedded,  as  it  were,  in  a  quantity  of  poUen  and 
honey.  Many  true  bees  construct  them  similarly,  but  the  dwellings 
of  their  larvae  are  generally  more  artificially  formed.  Thus  the  Mega^^ 
dkiies  envelope  both  egg  and  pollen  in  the  leaves  of  piantSy  whidi  they 
cut  oflT  in  pieces,  and  have  gradually  wrought  together ;  the  Amikidia 
fiimish  their  entire  cells  with  the  woolly  clothing  of  many  planta,  for 
instanre,  of  the  several  species  of  Simshys.    They  thus  form  in  the 

*  S«e  »  paper  of  mine  upon  this  sobjeci  in  the  first  part  of  the  Trans,  of  the  Entom. 
Society  of  I^ondon. — Tr. 

1*  According  to  HtUIcr^s  observations  (Germar*8  Mag.  vol.  iii.  p.  61.),  the  hornet 
gap^Hw  itft  yxnmg  tiiA  the  twdies  of  bees,  both  noutera  and  dnmes,  as  well  as  lirith  the 


aftfiictiire  o£  their  dwelihigB  a'  tolenilile  transition  to  tbe  ekbonte 
ilwelHagg  of  the  social  be«8  and  wa^a» 


§  295. 

Tfab  indioation  BhowB  that  the  netts  of  the  wagfm  and  bees  wloeb 
live  in  society  are  nothing  more  than  dweliing-plaoes  for  their  progeny. 
This  is  their  first  and  chief  purpose,  and  all  od^rs  whidi  they  at  the 
same  time  execnie  proceed  necessarily  from  this.  If  we  examine  this 
more  dooely,  we  shall  find  that  among  the  wasps  and  the  hamUe  bees  it 
is  always  the  female  which  lays  the  foundation  of  such  a  dwelling. 
The  in^regnated  wasp  seeks  a  place  where  she  csn  deposit  her  eggs» 
when  she  finds  it  she  constructs  a  cell,  and  deposits  an  egg  in  it.  Instead 
now  of  seeking  another  spot,  like  the  solitary  wasps,  die  remaina 
where  she  commenced,  and  adds  another  cell  to  the  first ;  thaa  the  first 
layer  is  finrmed.  In  the  interim  the  first  eggs  have  hecoaw  larFss;  these 
lanra  are  now  carefully  fed  by  the  mother  until  the  time  of  their  change 
into  pupse,  when  each  closes  its  cell,  becomes  a  pupa,  and  speedily  appears 
as  a  petfect  insect,  which  immediatdy  participates  in  the  labour,  both 
in  the  structure  of  the  nest  and  in  feeding  of  the  larvx,  and  upon  the 
increase  of  the  number  of  those  to  be  fed,  by  reason  of  the  increasiiig 
fiirtility  of  the  first  female,  the  number  of  the  nurses  and  labourers  also 
increases,  until  at  last  firom .  small  beginnings  a  numerous  society  ia 
fiormed.  That  the  first  bom  young  wasps  may  immediately  partidpafte 
ia  feedii^  the  younger  lanrse,  they  are,  as  it  were,  placed  in  a  maternal 
situation^  and  it  is  therefore  that  they  are  made  barrm  by  being  prem»> 
turdy  ripe,  and  the  one  fiemale  fiunetion,  that  of  conception  and  produc* 
tioil,  liiey  sacrifice  fpr  the  other,  the  feeding  and  nursing  of  the  young, 
and  it  is  hence  that  they  are  abortiTe  females.  Experience  has  proved 
that  this  abortion  is  produced  by  the  defective  feeding  of  a  truly  female 
larvai. 

If,  tk6W§  we  more  closely  inspect  the  several  social  oommnnitieB  of 
ioseoli^  the  object  of  all  of  whidb  is  the  nonrishmeat  of  the  youngs 
the  most  imperfect  of  all  presents  itself  ia  the  society  of  ants.  It 
vanaiats .  of  winged  aaales  and  feniaks>  and  apterova  abortive  females^ 
called  nenters,  or  workers,  whidi  are  besides  distinguished  from  the 
lest,  especially  horn  the  females^  by  their  smaller  siae.  The  dwell* 
ings  in  whidi  we  find  these  three  membeta  of  a  society  of  anta  are 
found  in  the  earth,  and  consist  of  passages  which  lead  So  larger  vnoant 
spaces,  all  of  which  again  stand  in  connexion,  and  which  generally  hare 
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•evemloatltfts. '  The  luilkywspflfcaft  lie  in  sevetal  stories  ovor  each  other, 
iindare  used  only  as  rooms  for  the  hurv*;  tbetfits  do  not  make* ^provi- 
sion of  food,  but  hybemate  within  their  dwellings,  from  which  they  anmse 
upon  the  approach  of  spring.  Their  food  consists  of  sweet  animal  and 
v^eCaUe  juices,  whidi  they  convey  abo  to  the  larm;  they  tan  particu* 
krly  fond  of  the  juice  that  exvdes  from  the  tubes  upon  the  abdomen  of 
the  plant  lice ;  they  theirefore  not  merely  pursue  theie  ereatorse,  but  also 
retain  them  in  their  dwelling.  Their  pairing  time  is  August ;  inmieBse 
multitudea  of  both  sexes  then  quit  their  dwelling,  and  oofMdate  in 
fli^t,  especially  towards  evening,  about  which  time  tiiey  Ireqaently  fly 
up  and  down  iu  the  air  in  myriads.  The  males  die  quiokly  after  copu- 
lation, whereas  the  fomales  are  either  brought  back  by  the  neuters  to 
their  former  dwelling,  or  else,  either  singly  or  in  society>  they  found 
new  dwellings,  which  they  speedily  populate  with  their  own  progeny. 
It  is  remarkable,  that  before  the  commencement  of  their  new  labours 
they  purposely  deprive  themselves  of  their  wings.  The  young,  which 
pass  but  a  short  time  in  the  larva  state,  during  which  they  are  fed  hj 
the  mother,  do  not  quit  the  egg  before  the  following  spring ;  and  if 
neaters>  they  immediately  after  their  development  participato  in  the 
kfaoors  of  the  mother,  they  feed  the  larvs,  increase  the  dwelling,  leav« 
lag  nothing  for  the  old  parent  of  the  nest  to  do :  whereas  in  the  eld 
oolooies,  to  which  impr^nated  females  return,  or  therein  pair  with  the 
males,  the  eggs  are  not  laid  until  the  spring,  until  which  time  no  yoimg 
progeny  is  to  be  found  in  the  nest*  Thus  the  entire  society  of  neuters, 
with  the  few  impregnated  fomales  among  them,  and  without  any  young 
ones,  hybernate*  As  soon,  however,  as  the  first  warm  sunshine  of  th^ 
spring  rouses  them  they  re*commence  their  labours,  they  mend  their 
dwelling,  seek  food,  and  convey  nutriment  also  to  the  female.  These 
then  lay  eggs,  from  which  the  larvae  soon  creep,  the  whole  development 
of  which,  from  the  egg  to  the  imago,  is  so  rapid  that  it  is  completed  in 
twenty*three  days.  The  males  and  females  now  present  themselves, 
but  they  remain  in  the  dwelling  until  the  middle  of  the  summer,  and 
then  quit  it  for  the  purpose  of  pairing.  When  this  is  fulfilled  the 
whole  series  is  repeated  in  the  nests  firanded  by  the  young  impregnated 
fomales.  In  the  pnigre«»4if  the  several  occupations  exercised  by  the 
difierent  members,  and  especially  by  the  neuters^  the  ants  devdope 
strildng  art  and  proofo  of  the  great  perfection  of  their  instinct,  ^ey 
alwajv  select  snnny  bnt  not  too  dry  places  to  lay  the  foundations  4if 
their  nests,  but  they  always  a^oid  moist  situations,  and  give  consider- 
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able  preference  to  the  foot  of  a  hollow  tree,  or  its  interior  when  it  has 
but  tmall  accesses*  They  here  labour  with  considerable  industry  in 
)a}ring  the  foundations  of  the  nest,  each  assisting  the  odier,  and  in 
the  oourse  of  a  few  dajs  we  perceive  a  structure  rise  baring  several 
outlets.  If  the  nest  be  upon  the  ground  there  are  generallj  affiliated 
colonies  in  its  vicinity,  which  are  in  a  constant  animated  intercourse 
with  the  parent  state.  This  intercourae  is  facilitated  by  the  construe* 
tion  of  particular  roads,  which  in  a  loose  soil  are  tolerably  deeply  fur- 
rowed, and  upon  these  roads  we  observe  innumeraUe  neuters  inces- 
santly coursing  to  and  fro.  All  the  obstructions  that  may  here  interrupt 
them  are  removed,  each  lends  its  assistance,  and  if  there  be  at  first  too 
few  for  the  purpose^  by  means  of  signs  they  urge  other  comrades  to 
participate  in  the  labour.  Along  these  roads  they  convey  into  the 
dwelling  the  food  for  the  hum,  which  consists  in  captured  insects, 
caterpillars,  small  earth  worms,  and  other,  mostly  animal,  substances. 
We  have  before  related  that  the  ants  possess  the  faculty  of  communi- 
cating their  views  to  their  comrades ;  all  that  requires  the  labour  of 
many  immediately  occupies  several,  and  to  this  participation  they  urge 
each  other.  Huber  *,  to  whom  we  are  indebted  for  the  most  interest* 
ing  observations  upon  the  economy  of  the  ants,  has  observed  them  go 
out  in  troops  to  enjoy  some  dainty  repast  when  such  has  been  com- 
municated by  a  compatriot,  whither  also  more  and  more  prDceed,  until 
at  last  nearly  the  entire  population  of  the  nest  is  found  there. 
Once,  upon  separating  a  |)ortioa  of  the  community,  which  he  kept  in  a 
dosed  place  for  several  months  and  then  brought  them  back  to  tiie 
garden  where  the  nest  was,  he  observed  their  former  feUow-eitiaens 
gradually  emancipate  them,  af^er  their  dwelling  had  been  diseofvered 
by  some  stray  ones.,  But  still  more  remarkable  than  all  this  is  the 
warlike  and  predatory  excursions  which  Formica  rufe^cetu  and  JP. 
Manguinea  undertake  upon  losing  their  young  progeny  of  neuters.  They 
the»  proceed  in  hosts  to  the  nests  of  other  ants,  master  its  enCnuieeo, 
and  convey  away  their  young.  These  then  grow  up  aa  helots  in  the 
foreign  oommunity,  execute  all  the  labour  necessary  for  the  advanoe 
and  preservation  of  the  state;  they  seek  food,  increase  the  boikKng, 
aun  the  krvss  and  pupn,  convey  them  bock  into  the  nest,  and  assemble 
with  their  subduers  witboit  recalling  th»r  disgrace.  Thus  origiiiale 
the  variously  ooloured  and  intermixed  communitias* 

*  P.  Habcr,  Recbercbes  stir  lei  Maun  doi  Fourmh  Indigenes.    Paris  et  Genere, 
1810.    8¥«. 
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The  eoonomy  of  the  remajniiig  social  ^jj^menaptera  differs  from  that 
•f  the  ants  by  their  constructing  an  artificial  nest  for  the  reception  of  the 
sodety^  and  not  merely  excavating  cavities  in  the  earth  for  this  purpose. 
The  wasps>  which  most  closely  agree  with  the  ants  in  their  societies^ 
build  some  their  nests  in  holes  in  the  ground,  and  others  pendant 
from  the  boughs  of  trees.  The  material  they  use  is  wood,  either  firesk 
or  rotten,  which  they  grind  to  a  fine  powder  by  means  of  their  powerful 
mandibles,  and  then  moisten  it  with  a  visdd  liquid,  which  is  probably 
the  secretion  of  the  salivary  glands,  when  they  prepare  it  into  thin 
pasteboard  surfBures.  The  size  of  the  nest  varies  considerably;  in 
Poliiles  gallica  it  consists  of  about  twenty  roundish  cells,  open  beneath, 
which  form  a  small  convex  comb,  and  which  is  attadied  to  some  object 
at  its  highest  point ;  Fetpa  holsaiica  affixes  a  second  largert  and  some- 
times a  third  smaller  comb  to  the  first,  whidi  are  connected  together 
by  many  perpendicular^  tolerably  thick  pillars,  and  the  whole  nest  is 
enclosed  by  two  or  three  ovate  cases,  the  lowest  of  which  alone  enve- 
lopes all  three  combs,  each  of  the  succeeding  ones  being  about  one-third 
shorter.  The  entrance  to  the  interior  is  in  the  pendant  apex  of  the 
first  envelope.  In  the  nest  of  Fespa  vulgaris,  which  is  placed  in  a 
large  hole  in  the  ground,  the  external  case  consists  of  a  thick,  tolerably 
strong  pasteboard,  formed  of  several  layers,  and  the  combs  are  more 
numerous,  the  central  ones  larger,  and  the  entire  nest  attains  about  the 
eiae  of  a  moderate  mehin.  Others,  tat  instance,  the  exotic  speciea 
( VMspa  iaiua,  Lat.),  build  a  very  large  but  similarly  pendant  nest, 
the  entrance  to  which  is  also  beneath,  and  the  superior  surface  ia  covered 
with  a  multitude  of  conical  knobs.  Fespa  crabro  (the  hornet)  prefers 
the  cavities  of  teees  for  her  nest :  it  differs  from  that  of  die  common 
wasp  both  in  siae,  which  is  that  of  a  moderate  gourd,  and  also  that  the 
external  envelopes  are  separated  from  each  other  by  the  qpace  of  at 
least  half  an  inch,  whence  passages  lead  from  the  exterior  to  the 
interior ;  it  therefore  appears  upon  the  first  glimpse  to.be  covered  with 
large  soaleSb  The  much  smaller  nest  of  Fespa  Germamca  is  very 
similar,  but  it  ia  placed  in  the  earth,  at  about  six  inches  from  the  sur^ 
bee  i  the  form  of  the  cells  is  originally,  as  also  in  the  humble  bees  and 
bees,  that  of  a  cylinder,  which  subsequently,  by  the  pressure  of  the 
rest,  take  that  of  a  hexagon.  This  last  regular  form  of  the  cells  has 
ever  been  considered  one  of  the  most  extraordinary  things,*  and  its 
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precise  repetition  in  all  the  societies  of  the  Hymenopiera  as  a  proof  of 
the  great  skill  of  these  insects  ;  but  nothing  is  more  natural  and  neces- 
sary in  the  whole  economy  of  the  bees  and  wasps  dan  this  fbrtn  of 
their  cells ;  if,  for  instance^  large  soft  tubes  are  to  be  so  placed  side  by- 
side  that  they  may  occupy  the  least  space^  the  form  conditionated  by 
the  point  of  contact,  and  the  equal  pressure  upon  all  sides  must  neced^ 
sarily  be  that  of  an  hexagonal  prism,  as  may  be  proved  by  mathematical 
demonstration.  The  bees  and  wasps  consequently,  from  the  innumer- 
able multitudes  inhabiting  a  nest,  or  hive,  must  necessarily  apply  the 
smallest  space  possible  to  their  structure,  that  they  may  be  enabled 
to  introduce  a  greater  number  of  cells,  and  hence  they  become  hex- 
agonal :  nature  also  only  aims  at  what  is  necessary,  and  not  at  what  is 
superfluous,  and  there  would  have  been  a  waste  had  she  allowed  the 
bees  to  construct  their  cells  independent  of  each  other,  for  much  unap- 
propriated space  would  have  remained.  Besides,  each  cell  is  by  no 
means  so  determinate  an  hexagonal  prism,  but  rather  a  cylinder  pressed 
flat  by  its  contact  with  six  other  cells ;  no  sharp  angles  are  found  inside* 
and  the  sides  where  the  angles  of  three  ceDs  meet  are  thicker  than  where 
two  cells  lie  contiguously  with  their  flat  surfaces.  Among  the  humble 
bees,  in  consequence  of  the  smaller  number  of  the  inhabitants  of  their 
nests,  so  strict  an  economy  of  space  was  not  requisite,  the  ceUs  but 
loosely  touch  each  other,  retaining  their  original  round  form  flattened 
only  at  their  extremities. 

The  inhabitants  of  a  wasp's  nest  likewise  consist  of  three  distinct 
groups,  namely,  of  males,  females,  and  neuters,  which  last  are  also 
abortive  females.  The  foundation  of  the  community  is  laid  by  the 
female,  and  indeed  very  early  in  the  spring.  The  impregnated  female 
hybemates  during  winter  in  suitable  places,  without  laying  her  eggs,  and 
she  first  seeks,  on  the  approach  of  spring,  after  being  aroused  from  her 
winter  torpidity,  a  place  adapted  to  the  structure  of  her  nest,  which  she 
begins  as  soon  as  she  has  found  such  a  situation.  When  the  first  cells> 
or  the  first  and  smallest  comb  is  completed,  she  lays  in  each  an  egg, 
whence  in  the  course  of  a  few  days  a  young  larva  creepsr  These  she 
feeds  with  the  juices  of  other  insects,  especially  of  H^menoptera,  until 
they  change  into  pupse,  when  the  larva  closes  the  lower  aperture  with 
a  web  of  silk.  In  the  course  of  eight  or  ten  days  the  young  wasp 
presents  itself,  which,  like  all  the  following  ones,  is  a  neuter,  and  con- 
sequently a  worker,  which  immediately  proceeds  with  feeding  the  larvae 
and  increasing  the  nest.  When  all  the  neuter  wasps  are  thus  developed. 
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the  development  of  the  male  and  female  eggs  which  the  old  mother 
liaa  laid  in  the  interim  is  proceeding,,  while  the  neuters  continue  to 
increase  the  nest.  The  perfect  males  and  females  remain  for  some 
time  in  the  nest,  and  it  is  only  towards  the  end  of  the  summer  that  they 
quit  it.  They  now  pair,  after  which  the  males  die,  but  the  females 
prepare  for  their  hybernation.  After  the  males  and  females  have 
quitted  the  nest  the  community  appears  to  have  lost  its  importance, 
the  neuters  disperse,  and  soon  die  for  want  of  food ;  the  nest  itself 
then  loses  also  its  consequence,  its  community  is  dispersed  never  to 
return  again,  and  it  fEiUs  to  pieces  like  a  deserted  ruin.  The  skill  and 
instincts  which  the  wasps  develope  during  their  lives  refer  therefore 
almost  exclusively  to  the  preparation  of  their  indeed  very  artificial 
nest ;  combined  undertakings  like  those  we  observed  among  the  ants^ 
we  do  not  detect  in  them,  yet  they  nevertheless  appear  to  possess  a 
power  of  communication,  for  many  of  the  neuters  assemble  if  an  enemy 
appear  before  their  entrances.,  and  endeavour  to  beat  him  to  retreat 
by  their  desperate  attacks.  These  troops  are  said  to  be  assembled  for 
battle  by  the  guards  placed  to  watch  the  entrance. 

§  297. 

Among  the  social  bees,  the  society  of  humble  bees  is  the  least  perfect. 
It  also  consists  of  males,  females,  and  neuters ;  and  it  owes,  like  that 
of  the  wasps,  its  first  foundation  to  a  female.  For  this  purpose  the 
impregnated  female,  which  has  lain  torpid  throughout  the  winter, 
^eeks  in  the  spring  a  place  suitable  to  lay  the  foundation  of  her  nest. 
She  in  general  seeks  shady  places  concealed  aniong  bushes  and  tufts 
of  grass,  where,  with  much  labour,  she  digs  a  cup-shaped  but  yet  very 
slight  cavity,  over  which  she  spreads  an  arch,  formed  of  light  dry 
moss.  The  internal  surface  of  this  arch  she  clothes  with  a  thin  layer 
of  wax,  and  attaches  to  it  the  first  comb,  consisting  of  large,  oval, 
waxen  cells,  very  loosely  connected  together.  The  entrance  to  the  nest 
is  beneath  where  the  arch  joins  the  margin  of  the  hole,  but  in  general 
a  long  vaulted  passage  leads  from  the  exterior  to  it,  that  the  entrance  of 
enemies  may  be  rendered  more  difficult.  When  the  first  cells  are 
completed  the  female  lays  eggs  in  them,  and  then  fills  them  with  pollen 
and  some  honey,  for  the  nourishment  of  the  young.  If  this  does  not 
suffice  she  also  feeds  them.  These  larvs  merely  produce  workers, 
which  immediately  after  their  birth  assist  to  feed  the  younger  mem- 
bers, for  which  purpose  they  especially  collect  pollen  and  honey.     The 
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develepment  of  the  neuter  larrae  then  proceeds,  until  aU  are  perfected  $ 
when  the  old  female  laje  male  and  female  eggs  in  the  new  or  deansed 
cells.  The  neuters  are  chiefly  occupied  with  feeding  the  larvn 
thence  disclosed ;  thej  are  continually  collecting  honey,  which  they 
convey  to  the  larre:  this  honey  is  also  their  sole  nutriment,  fer  they 
do  not  receive  pollen,  like  the  larvae  of  the  neuters.  More  honey  is 
conveyed  into  the  empty  cells*  These  consist,  singularly  enough,  not 
of  wax,  but  of  the  web  spun  by  the  larvtt,  which  has  previously  trans- 
formed into  the  pupa  state  within  the  cell.  When  this  web  is  com- 
pleted the  workers  convey  away  the  wax  encompassing  it  to  form  new 
ceUs,  and  subsequently  use  the  web  as  a  jar  for  the  honey.  Towards 
the  end  of  the  summer  the  young  of  both  sexes  quit  the  nest,  and  pair 
at  large ;  the  males  die,  but  the  females  return  to  the  nest,  where  they 
hybemate  in  cells  prepared  by  themselves,  and  filled  with  moss,  and 
some  occupy  the  succeeding  spring  the  old  nest,  whilst  the  remainder 
go  forth  to  form  new  ones.  The  neuters  and  the  hybcmating  females 
live  in  the  iatefim  upon  the  collected  honey. 

Many  writers  speak  of  smaller  females  among  the  humble  bees,  as 
well  as  among  the  wasps,  which  only  lay  male  eggs,  and  which  appear 
either  with  the  neuters  or  immediately  after  thean.  These  are  evi- 
dently neuters  which  have  not  wholly  sacrificed  their  sexuality,  and 
which  are  consequoitly  capable  of  procreation.  I  doubt  whether  their 
existence  be  absolutely  necessary,  and  also,  notwithstanding  the  uni- 
form assurance,  that  they  lay  only  male  ^ggs.  Perhaps  the  female 
ma^ots,  either  as  being  superfluous  or  less  perfect,  by  proceeding  from 
a  weaker  mother,  are  killed,  and  only  the  males  reared.— -Among  the 
bees  we  also  occasionally  observe  fertile  workers,  or  smaller  females. 

§  298. 

The  society  of  the  bees  is  doubtlessly  the  most  perfect  of  all,  and  it 
dififers  also  in  many  respects  from  those  already  described.  It  likewise 
consists  of  the  same  members,  namely,  of  males  or  drones,  and  females  or 
thequeen»  and  the  neuters  or  workers ;  we  find  a  multitude  of  the  first 
and  of  the  last,  but  of  females  only  <me  old  one,  and,  according  to  the 
diflerenoes  of  season,  two  or  three  young  ones. 

The  first  founding  and  structure  of  the  nest  of  a  community  of  bees, 
which  is  called  the  hive,  originates  indeed  with  the  female,  but  is 
executed  by  the  neuters.  If,  fior  instance,  an  old  hive  be  provided  in 
the  spring  with  a  multitude  of  youthful  progeny,  so  numersus  that  the 
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old  Abode  can  no  ]>nyr  Mtain  them,  a  great  portion  oFtbe  aeutan,  led 
by  a  angle  female,  migrates  or  swarme,  and  proceeds  to  form  a  nnr 
colonr.  Tfak  swartning  is  repeated  serwral  tines  even  in  one  hive, 
ivUeh  may  Uios  give  rise  to  as  many  as  fonr  other  colonics.  The  first 
svnrai  quits  it  about  the  middle  of  May>  and  the  following  ones  from 
mneek  to  week,  until  the  middle  of  June.  The  first  that  migrate  consist 
chiefly  of  the  older  inhabitants  of  the  hive,  and  their  queen  is  also  the 
old  one  who  had  hybemated  with  them ;  the  subsequent  swarms  are 
led  by  young  impregnated  females.  The  swarm  quitting  the  parent 
hive  has  at  first  no  dwelling  plaee,  but  the  queen,  after  a  short  flight, 
nettles  at  some  spot,  and  all  the  workers  accompanying  her  do  the  same 
wound  her ;  single  neuters  now  fly  forth  to  seek  a  place  which  the 
swnzm  can  inhabit.  They  in  general  select  for  that  purpose  hollow 
trees,  or  other  dry  situations  that  they  may  meet  with  ;  when  such  a 
cavity  is  found  the  entire  swarm,  with  the  queen,  immediately  occupy 
it.  So  soon  as  the  swarm  has  taken  fcMrmal  possession  of  the  dwdling 
the  neuters  commence  their  labours:  they  first  investigate  all  the 
entrances,  and  close  M  excepting  one,  which  forms  the  true  entrance, 
which  is  in  general  of  but  small  compass,  but  which  is  decreased  to  the 
requisite  siae  if  it  be  too  large.  The  material  with  which  they  close  the 
entrances^  and  also  cover  the  interior  sarface  of  the  cavity,  is  called 
propolis,  metys,  pissoceros;  it  is  a  resinous  substance,  which  they 
collect  fnrni  the  cbmmy  and  resinous  buds  of  the  birch,  the  sallow, 
pophre,  chestnuts,  &c :  it  diflTers  from  wax  by  its  peculiar  bnlaamic 
smell,  by  ita  combustibleness,  and  its  resinous  components.  They  do 
not  appear  to  prepare  it,  but  apply  it  to  their  purpose  just  as  they  find 
it.  Their  second  building  material,  but  of  which  the  cells  alone  are 
made,  is  wax,  which  is  a  peculiar  secretion  of  the  bees ;  of  the  organs 
which  prepare  it  we  have  before  spoken.  The  tablets  secreted  between 
the  ventral  segments  are  removed  as  soon  as  a  bee  wishes  to  build,  then 
crumbl<^  and  dissolved  by  means  of  the  alkaline  saliva  into  a  pap, 
when  it  u  applied  to  the  construction  of  the  cells.  These  cells  they 
do  not  oonotruct  like  the  wasps  and  humble  bees,  in  horinontal  combs, 
bntm  perpendicular  ones,  which  run  from  the  summit  of  their  dwelling 
to  its  base ;  both  sides  also  of  these  combs  are  ooeupied  by  celki  and  not, 
as  in  the  former  insects,  the  lower  side  only.  The  cells  are  of  a  roundish, 
sli^tly  hexagonal  fimni  and  terminate  at  their  base  in  trtangnlar  points 
bordetod  by  indistiaot  rhomboidal  surfaces,  each  of  which  bordera  a 
thM  of  the  opposite  cell :  thus  each  cell  rests  upon  three  of  the  oppo-* 
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iite  ones,  and  their  aentre  meets  «xaotly  w^eie  the  edges  eftiie  thret 
eelUjoiiL  This  pheBemenoa^honreverBkilfiil  it  appeals  M  begins  Inn  the 
olyeet  of  aariiig  all  qiaoe,  whick  oonU  be  attained  by  this  aad  no  otker 
meaoa,  and  which  admits  of  being  maitheniaticaUy  demonitrated*  We 
hero  find  another  proof  of  the  wisest  adaptation  to  the  purpose  ao  eoo*- 
stantly  observed  in  natore;  bntthedioioeof  meaBS&raCtataingitnrait 
not  be  ascribed  to  the  free  intellectual  power  of  the  cteatore  thatemplsyi 
it ;  it  is  but  the  expression  of  the  eternal  aeeessity  and  uniilnrmitj  to 
which  the  instinct  of  the  creature  is  subjected.  The  number  of  osmbi 
in  a  hiTe  depends  upon  the  space ;  the  central  one  is  first  ceiistrueted|« 
and  brought  down  to  the  ground,  on  each  of  which  others  then  follow  at 
the  distance  of  abont  half  an  inch  from  the  first ;  thus  by  degrees  tke 
whole  hive  is  filled  with  combs.  The  siae  of  the  cells  also  Taries,  the 
smaller  ones  serve  for  the  reception  of  the  neuters  and  the  providoaB, 
the  larger  ones  contain  the  male  maggots ;  for  the  royal  maggots,  of 
which  there  are  Iran  three  to  fimr  in  eadi  hive,  distinct  cells  are 
formed  upon  the  margin  of  the  ccmib,  but  which,  however^  never  toaeh 
the  walls  of  the  nest.  They  are  in  the  form  of  a  very  large,  spadons,  ovste 
cell,  which  is  not  horiaontal,  like  the  others,  but  perpendicular^  opening 
beneath.  The  aperture  is  smaller  than  the  body  of  the  aeU,  and  in* 
creases  with  the  larva,  for  the  neuters  increase  both  the  cell  and  the 
i^Mfture  upon  the  growth  of  the  larva. 

Being  thus  acquainted  with  the  structure  of  a  youi^  bee»hive,  we 
shall  nmv  pass  to  the  examinatkm  of  its  inhabitants  and  their  seveial 
occupations.  Alter  the  workers  of  a  young  colony  have  boilt  a 
requisite  number  of  cells,  others  then  busy  themsdves  with  filling  them 
with  honey ;  thus  a  portion  of  them  are  constantly  occupied  with  enhug- 
ing  the  dwelling  the  while  another  portion  ure  busied  in  collecting 
provisions.  This  gathering  continues  the  whole  remainder  of  the 
spring  and  summer,  and  is  carried  on  even  late  in  the  autumn,  and 
they  do  not  cease  until  the  flowers  cease  bhissoniing.  The  snhstanoe 
they  ooUect  is  hon^,  a  thick  yellowish  fluid,  oonsitftiag  of  crystal* 
Using  sugar,  liquid  sugar,  and  a  peculiar  vi^id  aubelanee  insohihic  ia 
aleohoU  which  the  neuters  imbibe  by  means  cf  their  kng  tubular 
tongue  from  the  nectaries  of  planln,  and  conserve  in  their  Buoking 
stomach»  which  thus  supplies  the  plaee  of  a  crop ;  henee  itiathrswa 
up  when  the  bees  wish  to  get  rid  of  it,  when  prohaUy  it  does  net 
repass  durough  the  tube  of  the  proboscis,  but  thaoagh  theaporture  of 
the  month,  beneath  the  valve  ef  the  eeaophagiis>  er  second  .tffogai^ 
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Dttringthia  time  tk^trae  BtoBMtoh'TieodTCB  no -honey  fyt  fllgest^i  bUt 
we  mvmahljr  ind  iBi  it  m  crumblT- mass  oiled  due  tireadl  oMstBttng 
of  pdUeo,  wbieh  eooBtitiitafl  the  txtae  food  ot  the  beet^  And  x^\lAi  «klaiie 
is  given  to  die  krve  as  find.  Uns  matt  of  potlm  does'  not  ap pettr  to 
be  received  throng  the  cam!  of  tiie  proboscis/ btrt  ibMOgbtllti  tPQ^ 
aperture  of  ^QBsopiMipu^  As  soon  at  the  colder  season  intefrnptstte 
ooUecting  of  honey  the  bees  gmdualljrbeeame  wm^  imaotitv,  'when  a'f^ 
alone  loiter  about  the  entvanee  of  the  fahre>  whereas  the  majority  arcr 
prepsrii^  for  their  hybernation  within.  They  then  so  oenstHct  the 
opeaing-  that  one  bee  only  ean  pass  through  at  a  timej  they  cling 
tegether  in  the  hm,  and  appear  to  have  lost  much  of  their  former 
vivacity;  but  they  do  not  become  absolutely  torpid^  bat  fsed  tern-' 
|)etttely  upon  the  honey  coileoted  in  the  summer. 

During  thia  whole  tzme  the  queen  reposes  quietly  in  the  neat,  onjoy- 
isg  the  respect  shown  to  her  by  the  neuters.  As  soon  as  some  of  the 
smtll  <ell8  are  oompkteid  for  the  workers  she  commences  laying  her 
e^s,  impregnated  by  the  preceding  year's  pairing,  notwithstanding 
Having  previously  laid  many  in  the  old  hive;  or  if  she  be  a  young  queen 
sbe  will  hare  been  impregnated  by  the  drones  of  the  old  hive  prior  to^ 
her  qaittbig.  In  the  course  of  three  days  after  laying  the  egg  the 
yoosg  larra  is  disclosed,  which  is  full  grown  in  live  days  more  ;  the 
larvae  then  close  the  cells  themselves,  in  three  days  more  they  become 
pope,  and  in  the  course  of  seven  days  and  a  half  the  perfect  bee 
conies  forth,  thus  its  development  is  eompieted  in  the  twentieth  day 
after  the  laying  of  the  egg.  A  great  number  of  workers  being  thus 
bora,  the  queen  b^ns  to  lay  male  eggs  in  the  larger  cells,  and  from 
three  to  four  female  ones  in  the  royal  cell.  When  the  old  queen  has 
laid  all  her  eggs  she  dies,  and  the  hive  is  without  a  head  until  the 
vonng  royal  larvie  are  developed.  This  the  bees  bear  very  quietly, 
whereaa  the  loss  of  the  queen  without  the  survivance  of  a  royal  progeny 
produces  the  total  dissolution  of  the  society.  But  if  the  young  royal  mag<* 
gotsare  detrelopedwhibt  the  old  queen  still  lives  she  kills  them^  which  the 
nenters  freely  aUow ;  it  will  therefore  sometimes  happen  that  a  swarm, 
after  the  fomale  has  laid  all  her  eggs,  is  without  a  royal  successor. 
This  erfl  it  is  said  the  neuters  remove  by  transferring  a  one«day  oid 
maggot  from  the  cdls  of  the  neuters  to  the  royal  cell,  where  they  rear 
it  with  superior  food,  whence  a  queen  is  developed.  The  correctnesa 
of  this  asMVtien,  which  is  however  supported  by  many  direct  observ«-< 
tions,  baa  boeir  doubted,  and  Treviramis  has  endeavoured  to  deny  it,' 
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but  it  has  to  much  analogy  in  its  favour,  and  is  related  by  such  credible 
obserrersy  that  it  may  really  be  considered  as  a  fact.  Thus,  therefore, 
the  hive  receives  a  new  queen  when  the  old  one  dies.  This  new 
queen  quits  the  dwelling,  in  company  with  the  drones,  in  the  middle 
of  summer,  pairs  with  some  of  them,  and  then  returns  impr^nated  to 
the  hive ;  she  is  here  then  treated  with  greater  respect  than  before,  the 
is  stroked  with  the  antennae,  licked  with  the  tongue,  and  they  on  all 
sides  offer  her  honey.  Forty ^six  hours  after  pairing  she  lays  her  first 
egg,  and  then  continues  uninterruptedly  until  the  1st  of  November, 
from  whence  until  April  she  ceases,  but  which  she  again  resumes  in 
April,  upon  the  return  of  fine  weather,  when  the  workers  again  collect. 
Now,  after  having  laid  none  but  the  e^s  of  neuters,  she  lays  about 
2,000  male  ^gs,  whence,  at  their  appointed  time,  the  drones  proceed. 
From  this  time  until  their  pairing  with  the  female  they  live  undi»* 
turbedly  in  the  hive ;  they  fly  out  for  food  and  again  return,  but  they 
do  not  form  cells  or  collect  honey,  and  do  nothing  else  than  go  out  to 
feed  for  their  own  support.  At  the  time  of  pairing,  which  takes  place 
iyi  June,  a  great  multitude  of  them  fly  out  with  the  queen,  and  retom 
again  after  she  has  paired  with  one  of  them,  for  which  it  sacrifices  its 
life ;  for,  according  to  Huber  and  Audouin,  the  penis  torn  oflT  remains 
for  some  time  in  the  vagina  of  the  female,  fixed  in  the  neck  of  the 
spermatheca.  The  remaining  drones  quietly  rest  until  August,  even 
after  the  remaining  young  queens  which  lead  out  the  subsequeat 
swarms  have  been  impr^nated  by  them,  but  at  this  period  the  general 
slaughter  of  the  drones  commences,  in  which,  in  the  course  of  three 
days,  all  the  males  are  destroyed  by  the  neuters,  and  even  whilst  still 
living  are  cast  from  the  hives.  Thus,  witliout  males,  and  provided 
with  one  female,  who  is  however  impregnated,  and  without  any  pro- 
geny for  males  and  females,  the  inhabitants  of  the  hive  hybemate 
as  well  as  the  young  maggots  of  the  workers,  all  subsisting  upon 
the  collected  provisions.  It  is  then  also  the  time  to  destroy  the  hive, 
to  remove  the  bees,  and  to  take  their  honey. 

The  instincts  developed  by  the  bees  during  their  life  are  extremely 
remarkable  and  surprising.  Their  attachment  to  the  queen,  their 
endless  anxiety  for  her  welfare,  the  affection  and  self  sacrifice  with 
which  they  rear  the  young,  have  ever  excited  the  greatest  admiration, 
and  also  well  merit  it.  No  individual  bee  cares  for  herself,  her  whole 
anxiety  is  for  the  entire  community,  and  so  long  as  she  perceives  that 
her  labours  do  not  miss  their  aim — the  preservation  and  prosperity  of 
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Ihe  hivfey  ih^  is  contented  %^ith  her  fate.  But  as  soon  as  by  the 
4eath  of  the  queen  this  prospect  is  obstructed,  by  there  being  no  possi- 
bility of  obtaining  a  new  queen,  she  becomes  depressed,  without 
courage,  oeases  her  work,  and  is  lost  in  the  conviction  of  having  lost 
her  labours.  We  cannot  here  relate  in  detail  the  several  phases 
and  very  special  facts  which  exhibit  the  comprehensiveness  of  her 
instinct,  and  they  are  the  less  necessary  as  other  works  fully  show 
tbem  ;  we  therefore  refer  to  the  Introduction  of  Kirby  and  Spence,  as 
well  as  to  the  admirable  work  of  Huber  *.  As  willingly  as  we  could  msh 
to  refer  the  actions  of  the  neuter  bees  to  reflective  powers,  we  yet  feel 
ourselves  obliged  to  deny  them  this  reasoning ;  they  act  rather  from 
eternal  invariable  laws,  for  they  have  added  nothing  to  it  in  so  many 
thousand  generations,  nor  have  they  lost  anything,  which  therefore 
announces  their  want  of  freedom,  as  well  as  the  other  side  the  endless 
wisdom  of  nature  is  clearly  exhibited  in  the  consistency  and  suitable- 
ness of  all  their  proceedings.  They  are  but  the  wheels  and  instru* 
ments  in  a  higher  hand,  imperceptible  to  us,  and  still  more  so  to  them, 
which  holds  the  universe ;  and  to  which  science  must  always  refer,  but 
which  is  depicted  to  the  fancy  in  a  beautiful  and  attractive  image.  What 
Johan  von  MiiUer  f  has  expressed  to  be  the  result  of  his  researches 
into  the  history  of  the  human  race  we  may  apply  to  the  Hie  of  bees,  to 
the  actions  of  the  rest  of  the  world  of  insects,  and  indeed  to  the  great 
effects  of  organic  nature  in  general.  The  whole  is  an  infinite  machine, 
to  whose  eternal  motion  every  individual,  be  it  plant,  animal,  or  man, 
must  contribute,  and  he  who  of  all  that  can  olK*y  this  law  is  wantonly 
deaf — he  is  judged. 

§  299. 

There  are  two  orders,  namely,  the  Neuropiera  and  Dictyoioplera,  to 
whose  care  for  their  young  we  have  as  yet  paid  no  attention,  and  to 
which  we  now  therefore  proceed.  Among  the  first,  the  young  larvae 
of  the  Semhlodea  and  Phryganea  live  in  water,  and  without  any 
especial  care  on  the  part  of  the  mother,  are  confided  to  this  element* 
We  are  still  ignorant  of  where  the  eggs  and  larvae  of  the  Panorpm  are 
to  be  found,  for  their  larvfls  are  as  yet  unknown.     The  larv»  of 

•  F,  Huber,  Nouvellcs  Obecrvations  sur  Ics  Abeilles;  addreu^es  a  M.  C.  Bonnet. 
fienere,  1792.  8vo.  Nouvellt-«  Obserr.  giir  les  Ab.  Pariii  et  Geneve,  1814.  8vo. 
2  vol*. 

"f  Tier  nnd  Zwanzig  BGcbrr  Allgrcineiner  C>e«rbichte,  yol.  iii.  p.  532. 
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Raphidia  live  in  the  steins  of  pines/and  here  hunt  up  their  food,  which 
consists  in  other  insects ;  we  might  doubtless  find  their  eggs  there  also/ 
and  presume  that  they  are  deposited  by  the  mother  at  suitable  places 
upon  the  stem.  The  larvae  of  Myrmecoleon  and  4scalaphv8  live  in 
the  sand^  the  firsts  as  we  have  before  mentioned,  in  pitfalls  made  by 
itself,  where  it  watches  for  prey;  the  mother  doubtlessly  therefore 
conveys  her  eggs  there,  and  deposits  them  in  suitable  places,  sheltered 
from  the  weather  and  from  enemies. 

The  same  is  doubtlessly  the  case  among  the  Dicfyotoptera,  The 
parasites,  or  Mallophagi,  deposit  their  eggs  at  the  base  of  the  feathers 
or  hair  of  those  animals  upon  which  they  dwell,  and  upon  which  their 
young  are  to  reside.  It  is  not  yet  known  where  the  eggs  of  the  Tkysa- 
nura  are  placed.  The  eggs  of  the  EphemercB  and  Libellul^e  are  de- 
posited in  the  water,  where  the  young  also  dwell,  and  they  are  laid  singly, 
the  mother  the  whilst  fluttering  over  the  water.  To  conclude,  the  last 
families  of  Psoci  and  Termites  differ  considerably  from  each  other  ia 
their  modes  of  life.  The  majority  of  the  species  of  the  genns  Psocus 
live  in  the  old  stems  of  trees,  and  here  appear  to  hunt  for  prey :  Ps. 
pulsatorius  is  a  voracious  enemy  to  collections  of  insects,  and  it  will  de- 
vour dry  animal  substances,  namely,  the  smaller  soft-winged  Diptera  ; 
it  doubtlessly,  therefore,  deposits  its  eggs  in  the  vicinity  of  such  things, 
and  there  leaves  them  to  their  fate.  This  the  Termites  do  not  do,  bat 
they  build  dwellings  similarly  to  the  Hymenoptera,  where  they  lead  a 
still  more  artificially  regulated  social  life.  We  indeed  possess  several 
treatises  upon  the  remarkable  economy  of  these  insects,  distributed 
between  the  tropics  (two  species  are  found  in  the  South  of  France), 
and  especially  an  early  one  by  Smeathman  *,  but  still  their  complete 
economy  is  not  fully  illustrated,  in  as  far  as  these  tracts  contain  so  much 
that  is  striking  and  divergent  that  it  cannot  well  be  compared  with 
the  social  life  of  other  insects.  Their  community  is  said  to  consist  of  fire 
different  members,  namely,  winged  males  and  females,  apterous  neuters, 
or  soldiers,  which  have  large  heads  furnished  with  strongly  projecting 
mandibles,  unwinged  pupae,  having  a  smaller  head  and  the  rudiments 
of  wings  only,  and  lastly,  of  similarly  formed  larvae,  or  workers,  differ- 
ing from  the  latter  only  in  wanting  the  rudiments  of  wings.  The  last 
of  these  construct  the  dwelling,  in  which  they  are  assisted  by  the 

*  Phil.  TniQB.  vol.  Ixxi.  1781,  completed  from  more  recent  observations  in  Kirbv  ui4 
Spenco,  vol.  ii. 
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pups ;  the  neuters  are  the  guards  at  the  entrances,  and  defend  tlie 
Jiest  against  enemies ;  the  males  and  females  are  inactive^  and  remain 
until  they  pair  in  the  nest,  they  then  fly  forth^  pair^  and  a  single  couple 
of  them  are  conveyed  back  again  into  the  nest  by  the  workers,  and  here 
kept  prisoners ;  the  rest  die  or  are  destroyed,  losing  immediately  their 
wingSy  when  they  are  quite  helpless. 

If  we  receive  this  description  as  true,  particularly  as  the  Termites ^ 
according  to  general  assertion,  belong  to  the  tribes  with  an  imperfect 
metamorphosis,  and  therefore  might  be  active  and  industrious  in  their 
larva  state,  yet  the  circumstance  of  its  being  without  any  analogy  in  the 
whole  animal  world  may  be  urged  against  it ;  we  have  no  other  instance 
of  the  young  still  undeveloped  labouring  for  the  old,  and  which  as  larvae 
and  pupae  they  must  necessarily  be.  Besides,  the  assertion  that  the 
neuters  are  apterous  is  not  correct,  for  I  have  had  the  opportunity  of 
dissecting  winged  Termites,  through  the  kindness  of  the  Privy  Coun- 
cillor Klug,  the  Conservator  of  the  Royal  Berlin  collection,  and  I  did 
not  find  the  least  trace  of  either  external  or  internal  genitalia :  nor  had 
•they  the  large  head  with  projecting  mandibles,  but  one  perfectly  Cor- 
responding with  that  of  the  males  and  females.  But  these  Termites 
readily  lost  their  wings  upon  the  least  touch,  and  retained  but  a  small 
triangular  basal  piece  at  the  thorax.  There  is,  namely,  at  the  base  of 
the  wing,  close  to  its  root,  an  apparent  joint,  in  front  of  which  the  wing 
is  homy,  but  behind  it  soft  and  membranous,  and  provided  only  upon 
its  anterior  margin  with  ribs.  The  wing  is  easily  broken  off  at  this 
joint,  and  therefore  the  neuters  very  speedily  lose  their  wings,  but  they 
are  not,  as  maintained  by  ^vriters,  wingless.  Nor  do  I  see  why  the 
neuters  should  be  merely  the  defenders,  as  these  among  all  other  social 
insects  are  the  true  workers.  If  it  may  be  allowed  to  start  hypotheses 
upon  subjects  that  can  only  be  satisfactorily  explained  by  experience, 
we  might  also,  with  reference  to  the  society  of  the  Termites,  admit 
of  the  community  consisting  of  merely  males,  females,  and  abortive 
females^  or  neuters,  and  that  the  latter  were  likewise  winged,  but  from 
external  causes  speedily  lost  their  wings  after  their  development.  To 
these  might  be  added  the  larvae  and  pupae  which  would  intermix  with 
the  swarms  of  neuters,  but  not  participate  in  the  labours ;  they  have 
no  wings,  and  consequently  resemble  the  neuters  when  the  latter  have 
lost  them,  thence  has  sprung  the  assertion  that  the  larvae  are  workers. 
The  larvae  and  the  pupa?,  in  consequence  of  their  much  greater  voracity, 
may  especially  contribute  to  the  destruction  of  furniture,  as  well  as  of 
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aU  other  dead  vegetable  substances,  and  are  therefore^  as  well  at  ftvm 
their  being  necessarily  the  most  numerous  portion  of  the  commuBity, 
the  most  dangerous  members  of  the  society.  For  instance^  the  Termites 
have  a  habit  of  gnawing  all  dead  vegetable  and  animal  substances 
whicti  they  can  reach,  and  so  vexatiously  to  mankind  that  they  merely 
destroy  its  interior,  leaving  the  external  form  unchanged.  They  thus 
bore  the  balustrudcs  of  houses,  excavate  the  planks  of  the  floors,  tables, 
chairs,  and  all  kinds  of  household  furniture,  and  they  frequently  leave 
so  very  slight  a  case  remaining  that  the  whole  falls  to  pieces  upon  the 
least  touch.  Man  has  therefore  much  difficulty  in  defending  himself 
from  these  concealed  enemies,  and  finds  his  only  means  of  escape  in 
leaving  those  parts  inhabited  by  Termt/ej  unoccupied.  The  Termiies 
gnaw  these  objects  chiefly  to  obtain  thence  the  materials  for  their  build- 
ings, or  even  also  for  food.  The  building  that  they  construct  is  often 
of  the  shape  of  a  sugar-loaf,  and  about  twelve  feet  high,  which  gradually 
grows  from  several  small  towers  of  the  same  description.  When,  for  in- 
stance, they  have  raised  a  small  cone  of  about  one  or  two  feet  high,  they 
lay  around  the  foundations  of  several  similar  cones,  which  are  contiguous 
at  their  base ;  these  are  then  connected  together  by  a  thick  wall,  which 
is  continued  by  degrees  in  an  oblique  direction,  until  a  cone  of  the 
given  size  is  thence  constructed.  Whilst  they  are  still  building,  the 
original  small  community  inhabits  the  interior  of  the  central  cone; 
this  has  in  its  middle  an  arched  cell  about  an  inch  thick,  which 
is  on  the  same  plane  with  the  ground,  and  in  which  the  old  male 
and  female  live.  In  the  circumference  of  this  cell  there  are  many 
smaller  ones  for  the  soldiers,  and  around  these  again  others  for  the 
eggs  and  provisions,  which  consist  of  collected  drops  of  gum,  pieces  of 
wood,  and  other  substances  which  they  have  found  upon  their  desolat- 
ing forays.  When  the  large  arch  is  completed  they  remove  the  apex 
of  the  first  cone,  the  entire  surface  of  the  described  cells  is  flattened, 
and  here,  as  well  as  upon  the  walls  of  the  arch,  new  cells  are  con- 
structed for  the  provisions.  Passages  which  run  along  the  wall  of  the 
arch  lead  to  their  upper  cells,  and  bridges  are  sometimes  constructed, 
which  spring  from  the  surface  above  the  royal  cell,  and  extend  to  the 
internal  wall  of  the  arch.  The  materials  of  which  they  form  this 
structure  is  clay  and  earth,  which  they  artificially  combine  together,  it 
then  speedily  dries  in  the  sun  and  becomes  a  hard,  firm  cohering,  that 
in  time  is  covered  with  grass,  and  will  easily  bear  the  weight  of  a  man; 
the  internal  cells,  especially  those  for  the  eggs  and  provisions,  are 


AFFECTION   FOR   THS    TOUNO.  535 

doubtlessly  constructed  of  splinters  of  wood  fastened  together  with 
gum.  All  these  cells  are  connected  by  means  of  small  apertures^  and 
several  apertures  also  open  from  the  surrounding  spaces  into  the 
central  royal  cell ;  the  exterior  outlets  are  not  perceptible^  they  lie 
at  the  foundations  of  the  house^  and  consist  in  passages,  which  also 
pass  beneath  the  earth,  and  only  at  distant  points  open  to  the  surface. 
At  these  the  Termiies,  which  pass  in  and  out>  present  themselves. 

The  following  is  the  economy  of  the  state : — At  the  termination 
of  the  hot  season^  when  the  moderated  temperature  of  the  rainy  period 
announces  itself  by  cooler  winds,  the  young  males  and  females  disclosed 
in  the  nest  quit  it,  and  appear  upon  the  surface  of  the  earth ;  here 
they  swarm  in  innumerable  hosts,  and  pair.  The  busied  workers  then 
convey  a  pair  back  into  the  dwelling,  and  imprison  them  in  the  central 
royal  cell,  the  entrances  to  which  they  decrease  and  guard.  Through 
these  apertures  the  imprisoned  pair  then  receive  the  nutriment  they 
require.  The  male  now,  as  among  all  other  insects^  speedily  dies  after 
copulating,  but  the  female  commences  irom  this  period  to  swell  con- 
siderably from  the  development  of  the  e^s ;  this  swelling  continues 
until  the  time  of  her  commencing  to  lay  them,  when  her  abdomen  is 
about  1,500  or  2,000  times  larger  than  the  rest  of  her  body.  During 
the  period  of  this  swelling  the  workers  remove  the  walls  of  the  royal 
cell,  uniting  the  nearest  cells  to  it,  so  that  in  proportion  to  the  increase 
of  the  body  of  the  queen  the  sise  of  the  cell  she  inhabits  is  also 
increased.  She  now  commences  to  lay  eggs  during  the  constant  undu- 
lating motion  of  her  abdomen,  which  exhibits  the  peristaltic  motion  of 
the  egg-ducts.  The  eggs  are  conveyed  away  by  the  workers  as  they 
are  hud,  and  conveyed  to  the  distant  rearing  cells.  It  is  impossible  to 
give  the  exact  number  of  the  eggs  laid,  but  it  must  be  enormous,  which 
is  proved  as  well  by  the  size  of  her  abdomen  as  by  the  long  time  she  is 
laying  them,  as  well  as  by  the  number  she  lays  in  a  minute,  namely, 
sixty.  In  these  nursery  cells  the  larvs  are  first  fed  by  the  workers, 
they  afterwards  intermix  among  the  workers,  and  participate  in  their 
destructive  expeditions,  which  they  make  without  any  impediment,  by 
means  of  their  subterranean  passages  to  the  vicinity  of  the  substance 
they  purpose  to  destroy.  Thus  far  extends  the  information  of  natu- 
ralists who  have  travelled.  They  are  silent  upon  the  mode  in  which  a 
new  colony  is  founded,  and  what  induces  the  old  ones  to  their  forma-* 
tion,  and  we  -may,  if  we  will  not  remain  wholly  dark  upon  the  subject, 
start  the  hypotliesis  that  the  communities  of  Termites,  at  the  time 
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when  the  number  of  the  inhabitants  of  a  nest  is  too  numerous  to  admit 
of  its  accommodating  them  all,  swarm  in  a  similar  manner  to  the  bees. 
But  such  a  swarm  would  only  consist  of  workers  and  soldiers,  which 
select  at  the  time  of  pairing  a  couple  from  the  numerous  royal  pairs, 
and  raise  them  to  be  the  lords  of  the  colony. 

We  terminate  here  with  the  consideration  of  this  £unily,  in  which 
the  interesting  fsicts  of  the  earlier  ones  are  again  repeated,  the  descrip- 
tion of  the  intellectual  impulses  that  have  appropriately  been  designated 
as  instinctive  phenomena,  as  perfectly  as  a  short  outb'ne  will  admit. 
As  anxious  for  self-preservation,  and  therein  exhibiting  especially  its 
intellectual  functions,  the  insect  steps  forth  into  the  series  of  inde- 
pendent organic  beings,  and  as  still  anxious  for  the  conservation  of 
the  species,  it  again  quits  this  large  community.  It  was  requisite  to 
illustrate  this  result,  already  expressed  in  the  introduction  to  the 
second  chief  division,  as  concisely  as  possible,  and  therefore  all  facts 
which  remain  more  or  less  isolated  were  necessarily  omitted.  This  we 
could  the  more  satisfactorily  do,  as  another  work,  to  which  we  have 
here  frequently  referred,  as  well  as  below,  has  endeavoured  to  give  a 
similar  solution  to  the  same  problem,  yet  with  infinitely  greater  detail ; 
we  mean  Kirby  and  Spence's  Introduction  to  Entomology,  a  book  which, 
for  the  animation  of  its  description,  fidelity  of  portraiture,  and  fulness 
of  facts,  vainly  seeks  its  equal,  and  will  with  difficulty  be  surpassed. 
We  will  therefore  refer  our  readers  to  it»  who  may  here  have  observed 
many  defects,  and  none,  we  can  assure  them,  will  quit  it  undelighted 
or  without  regret. 
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RELATIONS   OF    INSECTS   TO   THE  EXTERNAL 

WORLD. 


§  300. 

We  have  now  become  acqnainted  with  both  the  corporeal  and  intel- 
lectual natures  of  insects,  and  might  therefore  consider  their  general 
natural  history  as  concluded;  but  having  as  yet  left  untouched  one 
portion  of  the  history  of  the  lives  of  these  creatures^  namely^  their  rela- 
tion to  the  rest  of  organic  nature^  we  will  therefore  appropriate  a  few 
pages  to  the  investigation  of  this  subject.  That  the  whole  of  organic 
nature  stands  in  close  connexion  together  must  be  evident  to  every  one 
who  has  paid  the  least  attention  to  the  subject.  When  the  plant  dies  it 
becomes  the  parent  of  a  thousand  others^  all  chiefly  indeed  of  lower 
station ;  the  animal  supports  itself  by  deriving  its  nutriment  from  the 
vegetable  kingdom^  and  then  itself  supplies  other  animals^  which  are  not 
appointed  to  feed  upon  vegetables^  with  means  of  preservation.  This 
relation  of  insects  to  the  vegetable  kingdom  and  to  other  organisms  will 
form  the  immediate  subject  of  our  present  investigation ;  we  shall 
here  class  the  conditions  under  which  the  insect  continues  in  the 
external  worlds  in  so  far  as  it  is  only  by  this  favourable  relation  that 
that  first  object  is  attained^  and  these  we  distinguish  as  the  places  of 
resort  and  the  distribution  of  insects ;  their  geographical  division  should 
form  a  component  part  of  this  chapter,  and  we  may  then  devote  our 
attention  to  the  insects  of  a  past  creation^  concluding  their  general 
history  with  this  last  inquiry. 
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TENTH  CHAPTER. 

INSECTS  IN  RELATION  TO  OTHER  ORGANIC 

BEINGS. 


§  301. 

It  18  a  proved  fact  that  all  animal  bodies  derive  their  uatriniflBC 
originally  from  the  vegetable  kingdom.  In  no  class  of  animals  is  this 
more  evident  to  us  than  among  insects.  We  have  before  seen,  where 
we  spoke  of  the  food  of  insects,  that  vegetable  substances  constitute 
their  chief  subsistence,  and  that  entire  orders,  as,  for  instance,  the 
Lepidopieray  from  the  first  moment  of  their  existence,  feed  upon 
nothing  but  plants  and  their  juices.  In  the  innumerable  multitudes 
of  different  species,  and  the  hosts  of  individuals  of  one  species,  this 
might  eventually  prove  injurious  to  the  vegetable  kingdom,  if  also 
many  insects  did  not  ^  likewise  aid  to  promote  the  growth  of  plants. 
This  observation  leads  us  to  recognise  the  true  relations  of  the  insect  to 
the  vegetable  world,  and  whilst  discovering  this  we  perceive  at  the 
same  time  the  precise  object  nature  accomplishes  in  its  capacious 
economy  by  means  of  insects.  It  is  double ;  in  the  first  place  to  set  a 
limit  to  the  preponderating  increase  of  plants,  and  also,  as  such  a  rela- 
tion might  easily  degenerate  into  their  total  destruction,  it  is  also 
careful,  by  another  course,  of  preserving  the  vegetable  kingdom. 

The  first  object  is  attained  by  means  of  those  insects  which  derive 
their  nutriment  from  vegetable  substances,  consequently  by  means  of 
those  which  devour  leaves,  flowers,  wood,  fruits,  and  their  seeds.  These 
organs  provide  for  the  continuance  of  plants  as  individuals  m  species, 
and  every  plant  would  more  or  less  suffer  if  one  or  all  of  them  were 
totally  destroyed  by  insects.  Let  us  examine  this  more  closely  in  indi- 
vidual instances. 

§  302. 

With  respect  to  those  insects  which  destroy  the  roots  of  many  plants, 
and  thereby  restrict  their  superfluous  growth,  we  must  remark,  that  it  is 
generally  larvae  only  which  feed  upon  that  part.  Among  the  Carahodea 
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the  larva  of  Zabrus  belongs  to  these,  for  in  the  spring  of  the  year  1812» 
in  the  yicinity  of  Halle^  whole  eoru-iields  were  devoured  by  their  vora- 
city *.  During  the  day  it  buries  itself  six  inches  deep  in  the  earth, 
and  towards  evening  it  comes  to  the  surface^  and  then  eats  into  the  pith 
of  the  roots,  biting  off  the  blade  closely  above  the  ground.  Thus  in  the 
above  year  twelve  hides  of  wheat,  rye,  and  barley  were  destroyed.  As 
the  genus  Amara,  which  is  closely  allied  to  Zabrus,  has  in  its  perfect 
state  a  very  similar  mode  of  life,  particularly  the  division  of  it  known 
by  the  name  of  Leirus,  we  may  conclude  that  their  larvae  also  live 
upon  the  roots  of  grass.  We  may  perhaps  also  class  here  the  larva 
first  described  by  Walfrod,  and  which  he  considered  as  a  wire  worm 
(the  larva  of  Elaler  segetis,  Gyll.).  Kirby  and  Spence  t  consider  it 
as  the  larva  of  a  Staphylinus,  but  this  is  contradicted  by  the  difference  of 
the  mode  of  life  of  the  other  individuals  of  this  tribe.  It  lives,  namely, 
at  the  roots  of  wheat,  devours  the  just  germinating  grain,  and  in  older 
plants  it  consumes  the  root  only.  According  to  Sir  J.  Banks  the  same 
larva  destroys  turnips,  and  sometimes  £rom' forty  to  fifty  individuals 
are  found  in  one  root. 

In  addition  to  these  it  is  especially  the  larvie  of  many  of  the  Elaters 
which  attack  the  roots  of  corn  and  other  plants.  We  know  that  the 
wire  worm,  which  is  the  larva  of  Elater  segetis,  Oyll.,  (£.  lineatus, 
Lin.,  E>  striatus,  F.),  feeds  upon  the  roots  of  com,  as  well  as  that  the 
larva  of  the  allied  Elater  obscurus,  Lin.,  (£•  variabilis,  Fab.)  feeds 
upon  the  roots  of  almost  all  kinds  of  garden  plants  and  culinary  vege- 
tables, and  sometimes,  in  places  where  they  have  much  increased,  pro- 
duce great  injury. 

The  majority  of  the  larvae  of  those  Lamellicornes  which  in  their  per- 
fect state  feed  upon  leaves,  as  the  MeloUmtka  and  Cetoni^,  devour,  in 
that  state,  the  roots  of  plants ;  these  thick,  fat,  yellowish  white  larv»are 
well  enough  known  to  farmers,  and  frequently  produce  great  injury  to 
com.  Multitudes  of  the  larvas  of  Melolontha  rttficornis  actively  par* 
ticipated  in  the  devastation  committed  by  the  larvae  of  Zabrus  gibbus 
in  the  vicinity  of  Halle.  The  more  numerous  and  more  generally  dis- 
tributed larvae  of  Melolontha  vulgaris,  the  common  cockchafer,  are  not 
less  injurious,  particularly  as  they  pass  several  years  as  larvae,  and  every 
year  new  ones  are  produced.     An  instance  occurred  near  Norwich,  in 

*  Gennar's  Mag.  toI.  i.  parti,  p.  l,&e. 
•    t  Introduct.  to  Ent«m.  k.  Letter  x\r. 
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which  all  the  fields  of  a  farmer  were  entirely  destroyed,  aud  he  aiiJ 
his  labourers  collected  eighty  bushels  of  them.  The  larvae  of  Hoplia 
pulverulenta,  H,  graminicola,  and  H.  argenlea,  dwell  in  humid  mea- 
dows, where  they  destroy  the  roots  of  the  different  grasses.  Some  few 
years  ago  I  myself  discovered  all  the  blades  of  high  grass  of  this  descrip- 
tion completely  covered  with  the  perfect  H.  argenlea. 

It  is  especially  among  the  Curculios  that  v/e  find  larvae  which  are 
destructive  to  roots ;  but  less  so  among  the  other  families,  yet  the  larva 
of  Lathridius  porcatus,  according  to  Kyber  *,  feeds  at  the  roots  of 
Rhaphanus  sativus,  and  especially  in  that  of  the  variety  known  by 
the  name  of  the  radish.  Kirby  and  Spence  reared  from  a  small  larva 
that  was  found  in  the  root  of  Sinapis  arvensU  the  Curculio  contraciujr, 
Msh.,  and  the  Rk,  assimiliSf  Fab.,  two  species  of  insects  belonging  to 
the  genus  Ceutorhynchus,  which,  even  as  perfect  insects,  like  all  their 
congeners,  attack  the  young  shoots  of  plants. 

Besides  the  above  larvae  of  the  beetles,  many  of  the  maggots  of  the 
Diplera  are  fond  of  the  roots  of  plants.  Thus  the  maggot  of  a  fly  has 
been  found  in  a  carrot  (the  root  of  Daucus  carotd),  but  it  was  not 
reared ;  in  the  radish  (the  root  of  Rhaphanus  sa(ivus)  the  maggot  of 
An  thorny  a  radicum,  Meig. ;  and  in  onions  a  similar  maggot,  which  pro- 
duced a  fly  that  Kirby  and  Spence  call  Scatopkaga  ceparum.  Other 
dipterous  larvae  Reaumur  t  found  in  the  bulbs  of  the  narcissus,  and 
reared  from  them  a  fly  belonging  to  the  family  of  the  SyrphodeOj  which 
Meigen  calls  Merodon  equestris.  The  root  also  of  the  cauliflower  feeds 
the  maggots  of  flies ;  in  that,  as  well  as  in  the  other  varieties  of  the 
cabbage,  is  found  the  maggot  of  the  Tipula  oleracea,  Lin. 

Although  the  *  majority  of  the  caterpillars  of  the  Lepidopiera  feed 
upon  the  leaves  of  plants,  yet  there  are  some  which  prefer  their  young 
roots ;  thus  the  caterpillar  of  Noctua  (Episema,  Tr.)  graminis.  Fab., 
which  consumes  the  tender  roots  of  the  softer  grasses,  and  spares  the 
elder  harder  ones,  for  instance,  those  of  Alopecurus  pratensis,  Lin.,  as 
well  as  those  of  corn  and  of  the  7'rifo/ium  praiense,  Lin.  J 

§  303. 

Those  insects,  however,  are  more  numerous  which  either  bore  into 
the  stems  of  plants  or  into  the  woody  trunks  of  trees ;  but  their  prp- 

• 

•  (icnnar's  Alag.  vol.  ii.  p.  1,  &c.  f  Meoaoirrs,  vol.  iv,  part  xxx'ir. 
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flence  does  not  in  general  so  speedily  occasion  the  death  of  the  plant,  as 
the  stem  is  a  larger  and  less  easily  wounded  organ  than  the  root. 

Among  the  beetles  we  may  place  here  the  several  boring  and  bark 
beetles  that  form  the  family  of  Deperditores  {Xylotrogi,  Lat.)  and  Bos^ 
irychodea  (  TrogosiiaricB,  Lat.),  as  well  as  the  large  family  of  the  Ceram* 
bycina.  The  majority,  however,  destroy  the  woody  substance  of  the  stem 
in  general  only  when  the  tree  is  felled  or  already  prepared  for  manipu- 
lation^ in  the  latter  case  especially  it  is  attacked  by  those  of  the  Deperdi- 
tores, which  belong  to  the  genera  Plinus  and  Anobium :  they  appear  to 
be  created  more  for  the  dispersion  of  dead  vegetable  substances  than 
for  the  destruction  of  living  plants.  As  Nature  produces  the  more 
rapid  dissolution  of  corrupt  animal  matter,  by  means  of  the  ontho- 
phagous  and  carrion  beetles,  so  it  appears  that  she  accomplishes  the 
same  object  with  respect  to  the  dead  stems  of  plants,  through  the 
agency  of  these  insects.  The  larvae  also  of  the  Buprestodea  and  of 
many  Elaiers  live  in  the  stem,  for  instance^  the  larva  of  BuprestU 
biguttata  in  the  htem  of  oaks,  E later  ruftis  in  the  stem  of  pines,  and 
both  especially  in  the  remaining  stumps  of  felled  trees.  There  also  do 
we  particularly  find  the  larvae  of  the  capricorns^  and  living  trees  they 
do  not  appear  to  care  for,  yet  the  larva  of  Saperda  linearis  lives  in 
the  pith  of  the  young  twigs  of  the  stem  of  the  hazel  {Coryllus  avel- 
lana),  and  that  of  Lamia  amputator  in  the  pith  of  tropical  plants  *, 
that  of  Callidium  bajulus  in  timber,  rafters,  and  roofs.  But  the  family 
of  the  bark  beetles  {Bostrychoded),  thus  named  from  their  dwelling- 
place,  beneath  the  bark,  are  most  destructive  to  woods,  especially  to  those 
consisting  of  firs,  pines,  and  oaks,  for  example,  the  genus  Platypus,  The 
commoner  species,  namely,  Bostrychus  typographus,  B.  laricis,  Jlyle- 
sinus  piniperda,  Hylurgus  ater,  Sec,  occasionally  so  much  undermine 
the  bark  that  it  becomes  quite  loosened  from  the  stem,  and  the  tree, 
having  lost  in  its  liburnum  its  nutritive  layer,  dies.  Formerly  many 
instances  occurred  of  whole  forests  of  pines  being  thus  destroyed  in  the 
Harz,  in  Franconia,  and  in  Silesia,  and  it  was  called  the  (wurmtrocknisz; 
worm  dry  rot.  Tropical  trees  are  also  visited  by  such  guests,  for 
instance,  the  stems  of  palms  by  the  Calandra  palmarum,  but  they  are 
chiefly  found  in  felled  trees  lying  in  the  woods,  and  which  they  speedily 
destroy  through  the  great  size  they  attain.  It  is  thus  also  that  the  large 
larvflB  of  exotic  capricorns  live,  as  those  of  Prionus  cervicornis,  Pr: 

*  Lan«dof\vn  Ouilding  in  I.inn»an  Trans,  vol.  xiii. 
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damieomU,  Lamia  Iribulus,  &c.,  which  live  in  the  steins  of  BrasilUui 
or  tropical  plants,  particularly  those  of  the  genus  Bomhax, 

The  stems  of  corn  also  serve  as  a  dwellin^place  for  many  larvv  ; 
thus  we  find  the  maggot  of  a  fly  belonging  to  the  genus  MosUkUy  of 
Latreille^  subsisting  in  the  blade  of  wheat.  Another^  known  by  the 
name  of  the  Hessian  fly,  also  lays  its  eggs  in  the  blade  of  wheat,  and 
thus  frequently  destroys  entire  fields^  from  the  increasing  maggot 
devouring  all  the  leaves.  Musca  pumilionis,  Lin.,  lays  its  eggs  in  the 
heart  of  young  rye,  and  the  larva  destroys  the  shoot,  commencing  with 
the  germen  and  then  consuming  the  leaf.  Pyralis  siccUis  attacks  in  s 
similar  manner  the  blade  of  barley,  depositing  its  eggs  in  a  cavity  bored 
between  the  leaf  and  stem.  Exotic  grasses  also  are  destroyed  by 
enemies  which  consume  their  pith.  An  ant  {Formica  analis,  Latr.) 
makes  its  dwelling  in  the  interior  of  the  sugar-cane,  and  feeds  upon  its 
sweet  pith;  another  (F.  saccharivora,  Lin.),  takes  up  its  abode 
between  the  cellular  roots  of  the  same  plant,  and  thus  destroys  it  by 
drying  it  up.  In  the  fortieth  year  of  the  preceding  century  this  ant 
had  so  much  increased  in  the  island  of  Granada  that  every  plantation 
was  destroyed  by  it,  and  every  means  applied  to  remove  the  evil  was 
fruitless.  The  larvae  also  of  the  Elater  noctilucus,  of  which  we  have 
already  spoken,  lives  in  the  pith  of  the  sugar-cane,  and  fleeds  upon  it  *. 

The  larvse  of  many  Lepidoptera  live  in  the  interior  of  the  stems 
and  of  the  twigs,  or  beneath  the  bark,  and  thereby  prevent  the  growth 
of  the  plant :  thus,  for  instance,  we  And  the  caterpillars  of  several 
moths,  as  that  of  Tinea  corticella.  Fab.,  beneath  the  bark  of  trees ; 
and  another  caterpillar,  that  of  Toririx  Weberana,  F.,  is  the  cause  of 
.  great  injury  to  fruit  trees,  by  boring  through  their  bark.  The  cater- 
pillar of  Tht^risjtnestrina,  O.,  lives  in  the  annual  twigs  of  the  com- 
mon Sambucu*  niger,  L.,  and  of  Arctium  lappa,  and  destroy  their  soft 
pith.  But  the  caterpillars  of  the  genus  Sesia  are  well  known  as 
borers  of  the  stems  of  trees,  but  from  their  small  number  we  have  never 
heard  of  extraordinary  devastations  committed  by  them.  Thus  the 
caterpillar  of  Sesia  apiformis  lives  in  the  stems  of  all  kinds  of  poplars, 
as  does  that  of  S.  asiliformis  in  the  young  stems  of  Populus  dilaiafa, 
L. ;  iS.  spheciformis  in  the  stems  of  the  elders  and  birch  trees ;  S. 
hylcBiformix  in  the  branches  of  Rubus  idtcus,  L. ;  S.  culiciformis  in  the 
bark  of  plum  and  apple  trees ;  S.formic(pformis  in  the  branches  of 

•  Humboldt,  E?»ai  siir  la  Geografihie  dcs  Plantr«,  p.  156. 
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dmrerent  willows,  for  instance,  of  Salix  alba  ;  S,  tipttliformis  in  the 
pith  of  the  stem  of  the  red  currant  {Ribes  ruhrum,  Lin.  *)•  It  i8» 
lasUy,  very  generally  known  that  the  caterpillar  of  the  goat  moth 
(Cotnta  ligniperda)  lives  for  several  years  in  the  stems  of  old  willows, 
'  where  by  degrees  it  transforms  the  internal  dead  part  into  powder. 
Among  the  other  orders  we  are  acquainted  with  the  family  of  the 
SiriceSi  which  all  live  as  larvae  in  the  stem  partly  of  pines  and  partly 
of  oaks,  and  there  change  into  papie,  as  well  as  individual  genera  of 
bees,  for  instance,  X^locopa,  which  bores  into  wood,  especially  door- 
posts and  gates,  and  there  forms  cells  for  its  young  *,  The  same  in 
the  Dipterous  family  of  the  Xylophagi,  the  larvae  of  which  live  in  stems 
beneath  the  bark. 

§  304 

The  leaves  of  plants  and  their  young  germens  or  eyes  are  more 
universally  destroyed  by  insects.  Among  those  which  make  the  just 
developing  eyes  their  dwelling  place  are  the  larvse  of  the  Tortricei  and 
the  skip-jacks  (^HaUias),  Many  plants  are  absolutely  infested  by  these 
inimical  guests,  and  we  frequently  hear  the  gardener  and  &rmer  com- 
plain of  these  terrible  enemies  of  their  fruit  harvest,  when  they  have 
resumed  their  activity  in  the  destruction  of  the  young  buds.  The  larve 
of  the  Taririces  fold  up  by  their  webs  the  just  developed  leaves,  and 
thus  obstruct  the  younger  ones,  and  then  conveniently  eat  away  the 
innermost  core  of  the  eye,  which  in  fruit  trees  consists  especially  of  the 
blossom  buds.  They  do  not  appear  to  have  any  particular  preference 
amoug  the  different  kinds  of  fruit,  but  attack  all  at  the  same  time  or 
successively.  The  skip-jacks  do  not  weave  the  leaves  together,  but 
merely  devour  the  young  shoots.  Among  these  also  no  species  appears 
to  be  especially  restricted  to  one  and  the  same  plant,  but  dioose 
them  at  caprice.  Yet  H.  oleracea  and  H.  nemorumf  being  the  most 
common  species,  are  the  most  notorious.  The  first  especially  attacks 
young  culinary  plants,  particularly  those  belonging  to  the  fiemaily  of  the 
Crueifera,  namely,  cabbage,  turnip,  mustard,  rape,  &c  H,  ctmcinna 
lives  in  the  young  shoots  and  buds  of  the  hop ;  H.  nemorum  in  the 
tomip;  and  the  remaining  numerous  species  in  the  buds  of  wild 
uncultivated  plants. 

The  host  of  insects  that  destroy  the  leaves  of  vegetables  is  so  innn- 

*  Ochaenhcimvr  Sclunetterluige  von  Europe,  Tol.ii.  p.  121,  &c. 
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merable^  that  even  a  superficial  account  of  our  native  plants,  and  the 
insects  that  dwell  upon  them,  would  fill  a  volume :  we  will  therefore 
limit  ourselves  to  the  enumeration  of  the  chief  families  that  consume 
leaves,  and  cite  from  them  the  most  interesting  genera.  Among  the 
beetles  we  find  the  large  family  of  the  Chryscmela^  both  as  larva  and 
imago,  select  leaves  for  their  food,  and  they  are  therefore  usually  found 
upon  plants.  Thus  we  find  Galleruca  lanaceti  upon  the  Tanaceium 
vulgare ;  G,  viburni  upon  Viburnum  opulus ;  G.  njftnphea  upon 
water  plants  Nymphea^  Alistna,  Sagiitaria ;  G,  Alni  upon  AlnuM 
glutinosa  ;  Chrysomela  pallida  upon  Sorbus  aucuparia;  Chr,  variant 
and  Chr,  centaureif  F.,  upon  Hypericum  perforatum;  Chr.SophiiB  upon 
Sisytnbrium  Sophia  L. ;  Chr,  vitellinee  upon  Salix  vitellina  ;  Lema 
Asparagi  and  L,  12'punctala  upon  Asparagu,^  officinalis  ;  Lema 
merdigera  and  L.  brunnea  upon  Lilium  martagon,  &c.  All  these 
beetles  and  their  larvae  have  the  peculiarity  of  not  in  general  consum- 
ing the  leaf  from  its  margin,  like  the  caterpillars  of  the  Lepidopiera, 
but  they  bite  a  hole  into  the  substance,  around  which  they  continue  to 
eat.  Thus  both  these  destroyers  may  be  distinguished  from  each  other 
by  the  appearance  merely  of  the  leaf  that  has  been  attacked.  Other 
families  of  beetles  do  not  restrict  themselves  so  exclusively  to  leaves, 
yet  many,  for  example,  the  Malacoderma,  Melolonthodea,  Vesicifica, 
the  Cassida  (particularly  the  larvse)  and  other  genera  devour  leaves  by 
preference. 

Of  the  remaining  orders  it  is,  especially  in  that  of  the  Hymenoptera 
and  among  the  family  of  saw-flies  (Tenthredonodea),  that  we  find  leaf- 
devouring  insects.  The  pseudo  caterpillars  of  these  insects,  deposited 
even  by  the  mother  as  an  egg  in  the  parenchyma  of  the  leaf,  devour  the 
leaves  with  incredible  voracity,  and  thereby  frequently  destroy  entire 
plantations.  Thus  the  large  larva  of  Cimbex  variabilis  lives  chiefly 
upon  willows,  of  C.  lucorum  upon  the  birch,  of  Hyioloma  rosm  upon 
roses,  of  the  different  species  of  Lophyrus  upon  different  pines  and 
firs,  L.  ptiii,  for  instance,  upon  Pinus  silvestris,  of  L.  laricis  upon 
Pinus  larix,  &c.  The  true  saw- flies  {Tenthredo)  are  the  most  numerous 
of  all,  and  destroy  cherries  (Prunus  cerasus),  alders  {Alnus  glutinosa), 
willows  (S.  alba,  S.  caprasa,  and  many  others),  roses  (^Rosa  canina), 
and  many  other  plants.  Where  they  are  numerous  upon  a  tree  they 
speedily  destroy  all  the  leaves,  and  the  tree,  already  sickly  from  the  loss 
of  its  organs  of  respiration,  dies.  Thus,  one  known  by  the  name  of 
the  slug-worm,  living  upon  the  plum,  some  few  years  vt^  destroyed 
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whole  districts  of  orchards,  as  Peck  has  related  In  a  distinct  treatise  *. 
The  larva  of  Li/da  praiensis  also,  which  lives  upon  the  Br,  a  short  time 
since,  in  the  vicinity  of  Muskau^  in  Silesia,  committed  dreadful  devas- 
tation, according  to  the  communication  of  K.  Hapf  t. 

But  in  no  order  are  leaves  used  so  universally  for  food  as  among  the 
Lepidaptera,  of  which  the  majority  as  caterpillars  consume  them.  We 
imagine  we  shall  give  a  sufficient  proof  of  this  by  mentioning  some  of 
the  numerous  trees  and  plants  indigenous  with  us,  and  which  are 
eaten  by  caterpillars.  The  oak,  in  the  first  place,  feeds  innumerable 
caterpillars,  for  instance,  Gastropacha  quercus,  Smerinlhus  quercus, 
Harpya  Milhauseriy  Nolodonla  camelina^  innumerable  Noctuce,  and 
Geometers ;  according  to  a  calculation  of  Roesel's,  this  tree  supports 
In  its  several  parts  and  organs  about  two  hundred  distinct  species  of 
insects,  whence  it  will  be  easy  to  deduce  their  relation  to  the  rest,  as 
well  as  of  insects  to  the  vegetable  kingdom  in  general.  Thus  every 
forest  tree  has  not  merely  one,  but  three^  four,  and  even  as  many  as  a 
dozen  caterpillars  which  feed  upon  its  leaves,  and  which  often  seriously 
injure  them.  We  will  merely  refer  to  the  destruction  occasioned  by 
Liparis  dispar  to  poplars,  L.  salicis  to  willows,  L.  chrysorrhea,  L. 
nudibunda,  L.fascellria  to  different  fruit  trees,  L.  monacha  to  the  fir^ 
and  a  multitude  of  others,  which  are  known  as  tree  and  forest  di*- 
stroyers.  The  number  of  injurious  forest  caterpillars  is  so  large  that 
we  cannot  wonder  at  the  great  devastation  we  so  frequently  hear  com- 
mitted by  them.  Thus  there  are  found  upon  the  pine,  besides  those 
already  enumerated,  Gastropacha  pint,  G,  pityocampa.  Sphinx  pi^ 
nastri,  Noctua  ( Trachea,  Tr. )  piniperda,  Lithoria  quadra,  Geometra 
(^Fidonia,  Tr,^,  piniaria,  G.  (EUopia,  Tr.)  prasinaria,  G.  (Ell.  Tr.) 
fasciaria  ;  Tinea  resinella,  which  occasions  the  escape  of  resin  from  the 
young  twigs  of  the  fir ;  T.  dodecella,  T.  strobilella,  T,  pinella,  &c., 
which  dwell  partly  in  the  young  buds,  and  partly  in  the  eyes  of  the 
firs.  We  will  not  extend  this  list  to  other  forest  trees,  but  refer  at 
once  to  Bechstein*s|  Natural  History  of  Injurious  Forest  Insects, 
where  there  is  ample  detail.  We  will  only  further  mention  that  many 
of  our  fruit  trees  support  their  peculiar  enemies,  among  which  the  cater- 


♦  W.Peck,  Natwml  History  of  the  Shig-wonn.    Biwtoii,  N.  A..  1799.  8to. 
f  Bemerkuogien  iibcr  Bftupfnfraas  v.  K.  Hapf.  Bamberg,  in  AscbafTenberg.  1829.  8vo, 
X  Becbstein*s  Naturgeschicbte  der  schadlicben  Forstinsekten.     Leipzig,  1 805,  3  yola. 
4to. 
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pillars  of  Oattropacka  neuslria  and  Episema  caruleocephala  are  the 
most  common  and  the  most  dangerous. 

The  different  kinds  of  corn,  as  well  as  the  grasses  in  general,  are 
less  attacked  by  leaf-devouring  caterpillars,  yet  the  caterpillar  of 
Episema  graminis  has  been  observed  to  destroy  them  *.  The  numerous 
members  of  the  order  of  the  Orthoptera  feed  very  generally  upon  these 
plants,  but  they  do  not  despise  even  others.  Thus  the  grasshoppers 
can  be  fed  with  all  kinds  of  leaves,  but  they  seem  to  prefer  those  of 
grass  to  all  others.  One  insect  of  this  order,  the  migratory  locust^  hat 
acquired  a  widely  dispersed  notoriety  from  the  devastating  expeditions  it 
undertakes  in  immense  hosts,  and  it  has  thence  been  unjustly  considered 
as  an  introduced  insect.  This  it  is  certainly  not,  it  being  indigenous  with 
us  (Germany),  and  it  is  only  occasionally  that  it  appears  in  vast  hosts, 
which  quit  their  birth-place  from  having  there  destroyed  all  their 
vegetable  food,  and  they  proceed  further  to  seek  fresh.  We  will  refer 
to  Kirby  and  Spence  for  a  full  account  of  their  mode  of  migrating,  as 
well  as  for  the  details  of  their  several  excursions,  and  merely  mention 
that  an  instance  of  this  occurred  in  June,  1832,  near  the  Bavarian  town 
Weissenburg.  They  passed  from  east  to  west  over  the  town,  in  some 
places  but  a  few  ells  above  the  surface,  and  their  number  was  so  great 
that  it  took  three  quarters  of  an  hour  for  the  entire  swarm  to  pass. 
Wind  and  rain,  which  speedily  came  on,  adds  the  informant,  prevented 
further  observation  t. 

These  remarks  sufficiently  prove  how  many  insects  derive  their  food 
from  leaves,  and  how  great  the  destruction  is  when  their  numbers  dis- 
proportionately increase :  we  will  now  proceed  to  notice  those  insects 
which  attack  by  preference  the  fruit  and  stem. 

§  305. 

Upon  returning  to  the  order  of  the  Coleifptera,  we  immediately  find 
a  large  fsunily  among  them  which  are  chiefly  occupied  with  the  destruc- 
tion of  the  seeds  of  plants,  namely,  the  Curculios  (Rhynchophord).  The 
majority  of  the  species  have  their  peculiar  plants  upon  which  they  live, 
and  in  the  fruits  of  which  they  are  found  as  larvae.  In  the  large  genus 
Bruchus,  which  is  the  nearest  allied  to  the  Curculiosy  all  the  species 
whose  transformations  we  are  acquainted  with  live  as  larvae  in  seeds. 

*  Gannar's  Mag.  vol.  iiL  p.  433. 

f  Vouisehe  Berliner  Zeitung  for  the  21  June,  1832. 
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Thus,  in  the  pulse  of  the  pea  (Pisum  saiivum)  the  larva  of  B.granarius 
tlwells,  devouring  the  seed.  In  North  America  the  same  plant  is  attacked 
by  another  species,  which  is  also  sometimes  found  with  us,  namely, 
J3r.  Pisi.    A  third,  the  Br, pectinicornis,  destroys  peas  in  China.   And 
a  fourth  species,  perhaps  Br,  scuteilaris  F.,  attacks  the  seed  of  a  pulse 
(^Pkaseolus  or  Dolichus)  in  India,  which  is  called  by  the  natives  Koloo, 
and  by  the  English  Gram,    A*  very  large  species,  native  to  South 
America,  Br,  ruficornis,  Germ.,  lives  in  the  kernel  of  the  cocoa*nut, 
and  is  sometimes  even  found  in  it  in  Europe  * ;  and  Br,  nucleorum, 
according  to  Fabricius  {Br,  baciris,  Hbst.),  is  found  in  the  same  fruit. 
Another  genus,  Apion^  Hbst.,  has  the  same  habits.     We  find  the 
numerous  species  of  this  genus  upon  the  plants  in  the  seeds  of  which 
the   larva  lives,   for  instance,  Apion  Jlavofemoratum^   Kirb. ;    upon 
Trifol  patenscy  Lin. ;  Ap.  UliciSf  Kirb. ;  upon  IJlesc  Europoeus,'  Ap. 
vernale ;  upon  Ballota  nigra,  L.,  and  Lamium  album,  L.  Ap.  cBtieum  ; 
upon  Alcea  rosea,  Lin.  Ap,  Jrumeniarium  in  the  seeds  of  corn.     The 
larva  of  this  beetle,  known  by  the  name  of  the  red  corn  worm,  frequently 
causes  great  injury  in  granaries:  it  consumes  the  farinaceous  portion, 
and  leaves  the  case  untouched.     But  the  black  larva  of  Calandra 
granariOj  which  is  frequently  found  in  houses,  granaries,  &c.,  is  even 
more  injurious.     A  second  species  of  this  genus  Cal,  Oryzce  we  fre- 
quently find  among  rice.     The  third  enemy  to  corn  warehouses,  known 
by  the  name  of  the  white  worm,  belongs  to  the  order  of  the  Lepidoplera^ 
and  is  the  larva  of  Tinea  granella.     We  might  considerably  enlarge 
this  list  were  we  to  enumerate  all  the  Curculios  injurious  to  seeds,  but 
we  will  merely  remark  that  it  is  particularly  the  smaller  species  which 
appear  to  prefer  this  food.   Thus  the  genera  Balaninus  and  Anthonomus 
are  known  as  attacking  nuts  and  stone  fruits.     The  larvae  of  B,  nucum 
live  in  the  common  hazel  nut,  and  that  of  A,  druparum  in  the  stones 
of  the  sour  cherry.     The  smaller  Ceuiorhynchi  all  dwell  upon  plants, 
and  doubtlessly  feed  upon  their  seeds  or  leaves.     The  Cioni  attack  the 
species  of  the  genus  Verbascum,  and  live  in  the  stem  beneath  the 
epidermis.     Very  many  other  Curculios  live  similarly  in  the  substance 
of  plants.     Thus,  the  larva  of  Lixus  parapleciicus  lives  in  that  of 
Phellandrium  aquaticum,  and  of  Crtfpiorhynchus  Lapathi  upon  Rumejf 
Aj^drolopaihum,  Lin.  &c. 

Among  the  other  orders  it  is  especially  the  Lepidoptera  and  Diplera 

•  Oermar**  Mfig.,  vol.  m.  p.  1,  &c. 
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which,  as  larvae,  live  upon  fruits.  Among  our  fruits,  the  plum,  apple, 
and  pear  are  attacked  by  a  small  moth^  Tinea  (Carpocapsa,  Tr.) 
pomona,  and  which,  although  it  does  not  destroy  the  propagative  powers 
of  the  seed,  yet  it  renders  the  fruit  disagreeable  to  us.  Thus  another 
caterpillar  of  a  moth  attacks  the  ft>uitof  the  chestnut  (Castania  vescd), 
and  destroys,  by  causing  the  fruit  to  fall  before  it  is  ripe,  a  rich  and 
profitable  harvest.  The  date  also  is  destroyed  by  a  larva  which 
Haselquist  observed,  and  refers  it  to  the  genus  Dertnesies,  but  certainly 
incorrectly.  Another  larva  of  a  moth,  Pyralis fascianay  F.,  lives  in 
grapes,  and  destroys  the  most  beautiful  and  largest  grapes.  But  not 
this  only  attacks  the  vine,  but  many  other  insects  in  different  countries. 
Pyralis  vitana^  F.,  as  larvae,  devour  the  leaves.  In  the  Crimea,  the 
larva  of  a  Zygmna  attacks  the  young  shoots  as  well  as  the  larva  of 
Eumolpus  Vilis,  F.,  and  of  Rhynchiles  Bacchus,  Herbst.  In  Silesia, 
in  the  vicinity  of  Griinberg,  where  the  vine  is  extensively  cultivated, 
Tkylacites  geminatusy  Germ.,  is  a  destructive  enemy  to  young  shoots, 
as  it  entirely  consumes  them  immediately  upon  the  budding.  Lelhrus 
cephalote*  does  the  same  in  Hungary.  In  southern  countries  where 
the  vine  is  cultivated,  a  species  of  Coccus  sometimes  destroys  the  entire 
vintage  by  sucking  the  young  shoots.  A  caterpillar  also  lives  in  the 
fruit  of  the  olive,  which  destroys  the  kernel  and  produces  Tinea 
oleella,  F.  A  second  larva  lives  in  the  same  plant,  that  of  Oscinii 
ole€By  Lat.,  an  insect  belonging  to  the  family  of  the  flies,  whose  nearest 
ally,  namely,  Dacus  Cesari,  and  the  species  of  the  genus  Tephriiit, 
follow  a  similar  mode  of  life.  Tephr.  cardui  especially  attacks  thistles 
and  burdocks,  and  partly  lives  in  the  pith  of  the  stem  and  partly  in 
the  fruit  and  flower  which  it  then  distorts.  Other  dipterous  maggots 
distort  plants  by  gall-shaped  excrescences,  for  instance;  the  genera 
Cecidomya,  Lasioptera,  Sec,  One  of  these  maggots  especially  attacks 
the  ripening  ears  of  corn,  and  thereby  occasions  great  destruction. 
Kirby  has  described  this  fly  by  the  name  of  Ttpula  triiici  *. 

k  306. 

We  will  now  drop  the  thread  of  our  inquiry  into  those  insects  which 
are  injurious  to  plants  or  which  restrict  their  superabundance,  convinced 
that  the  instances  adduced  above  sufficiently  prove  a  strong  relation 
between  plants  and  insects.   We  must  now  prove,  on  the  opposite  side, 

•  Lin.  Tnins.,  vol.  iii.  p.  243—245  ;  vol.  iv.  p.  224—239 ;  and  vol.  v.  p.  96—1 10. 
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that  very  many  insects  quite  unconsciously  promote  the  growth  and 
advance  of  them. 

If  we  inspect  the  organisation  of  those  parts  of  plants  upon  which  its 
further  existence  as  a  species  depends,  namely^  the  sexual  organs,  we 
shall  speedily  observe  that  their  position  is  such,  that,  without  extra- 
neous means,  the  male  seed  could  not  reach  the  female  organ.  Thus, 
therefore,  in  all  plants  which,  without  such  assistance,  could  not  be 
impregnated,  the  procreation  of  new  individuals  by  the  planting  of  a 
ripe  seed  is  rendered  almost  impossible,  and  would  also  in  iact  but 
seldom  occur,  were  it  not  for  the  intervention  of  insects.  A  great 
number  of  insects,  therefore,  namely,  all  the  Lepidoptera,  the  bees, 
wasps,  ichneumons,  the  majority  of  Diptera,  and  many  beetles  find  their 
food  either  in  the  pollen  itself  of  the  plants  or  in  the  honey  juices 
secreted  by  the  nectaries,  and  for  this  purpose  they  visit  flowers  to 
procure  their  food  from  them.  In  these  visits  made  without  care  for 
disturbing  the  parts  of  flowers,  or  mixing  them  together,  they  convey 
the  farina  which  has  burst  from  the  anthers  to  the  stigma  of  the  female 
pistil,  and  thereby  cause  impregnation.  This  relation,  for  the  observa- 
tion of  which  we  are  indebted  to  the  venerable  Ch.  K.  Sprengel  *, 
perfectly  explains  to  us  the  relative  connexion  existing  between  plants 
and  insects.  To  obtain  at  some  period  this  object,  the  plant,  by  great 
self-sacriflce,  and,  indeed,  with  sometimes  the  loss  of  its  own  life,  has 
nurtured  the  insect  within  its  bosom,  and  fed  it  with  its  own  juices, 
and,  what  it  is  not  enabled  to  attain  individually,  being  destroyed  by 
its  enemy  which  it  reared  as  a  friend,  it  conveys  over  to  its  congeners. 
We  may  possibly  be  misunderstood  in  thus  speaking  of  the  reciprocal 
relation  existing  between  plants  and  insects,  as  insinuating  a  species  of 
consciousness  of  their  calling  and  a  recognition  of  their  duties ;  for  it  is 
not  the  plant  or  insect  that  thinks  or  reflects,  but  Eternal  Wisdom  has 
felt  and  thought  for  them,  and  has  so  strengthened  their  mutual  attach- 
ment, that  the  human  mind  in  explaining  it  may  well  illustrate  it  as 
affection  and  friendship,  and  as  a  recognition  of  what  the  one  is  indebted 
to  the  other,  and  what  it  may  thence  expect  in  return,  thereby 
exhibiting  the  infinite  love  distributed  throughout  the  universe  t. 
But  we  are  diverging  from   the  path  of  facts,  to  which  we  shall 

*  Dim  Entdeckte  Geheimnisz  im  Baue  und  der  Befruchtung  der  Blumen.    Berlin, 
1793.  4to. 

t  See  Burdach's  Physiologic,  torn.  i.  p.  322  and  p.  399,  &c. 
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therefore  return^  further  explaining  this  reciprocal  relation  in  indi* 
vidual  instances. 

Very  many,  indeed  we  may  say  the  majority  of  plants  are  furnished 
with  nectaries  which  secrete  a  honey,  which  many  insects,  particularly 
the  Lepidopiera  and  bees,  seek  very  greedily.  To  procure  this  honey, 
those  insects  fly,  some  by  day  in  the  sunshine,  and  others  in  the  twilight 
from  flower  to  flower,  visit  each,  and  here  for  a  time  imbibe  the  freshly- 
secreted  juices.  They  cannot  avoid  sweeping  off  the  farina  that  has 
just  escaped  from  the  anthers  with  their  rough  hairy  bodies,  and  which 
they  bring  into  contact  with  the  stigma,  for  both  organs  must  frequently 
be  pushed  on  one  side  by  the  insect  visiting  the  flower  before  it  can 
reach  the  nectaries.  Some  observers  have  remarked  that  insects  are 
very  particular  in  the  selection  of  flowers,  and  at  one  fliight  visit  but 
the  blossoms  of  one  kind  of  plant.  This,  according  to  Ch.  K.  Sprengei, 
occasions  the  impregnation  of  flowers,  for  in  the  majority  of  flowers  the 
anthers  and  stigma  have  not  the  same  degree  of  ripeness,  but  either  the 
one  or  the  other  is  the  earliest.  As  insects  visit  only  flowers  of  the  same 
species,  they  now  meet  with  those  that  have  ripe  anthers  and  now  with 
those  with  ripe  stigmata,  and  cause  impregnation  by  bringing  the  ripe 
pollen  into  contact  with  the  ripe  stigma.  Also,  as  Kolreuter  has 
already  remarked,  and  later  observations  have  tended  to  confirm,  the 
majority  of  flowers  cannot  be  impregnated  by  their  own  pollen,  but 
require  that  of  other  individuals,  just  as  the  hermaphrodite  Mollusca 
require  a  mutual  connexion,  and  cannot  impregnate  themselves ;  and  if 
this  law  be  general,  which,  however,  does  not  appear  to  be  the  case, 
insects  alone  can  be  the  means  by  which  nature  attains  the  full  object 
of  plants,  namely,  their  impregnation  and  formation  of  seed. 

If  in  many  cases  by  other  means,  namely,  by  wind  and  rain,  both  of 
which  shake  the  flowers,  and  thus  bring  the  pollen  into  contact  with  the 
stigma,  impregnation  is  effected,  yet  in  very  many  it  appears  to  be 
possible  only  through  the  assistance  of  insects.  This  is  the  case  in 
dioecious  plants,  namely^  in  the  sallows  and  poplars,  which  blossom 
early  in  the  year.'  In  these  also  the  male  flowers  are  the  earliest,  the 
female  ones  the  latest ;  both  contain  nectaries,  and  are  therefore  much 
visited  by  bees  and  flies.  It  is  only  thus  that  the  female  flowers  can 
be  impregnated  by  means  of  the  pollen  hanging  to  the  insect.  This  is 
the  case  also  with  the  dicecious  palms^  namely,  in  Phcenis  dactylifera ^ 
the  male  of  which  is  the  rarest  in  its  country,  and  is  frequently  at 
many  miles  distance  from  the  female.     Also  many  monoecious  plants. 
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in  which^  as  in  Ricinus,  the  female  parts  are  above  the  male  ones^  can 
therefore  be  only  thus  impregnated.  The  same  in  the  whole  family 
of  orchideous  plants,  in  which  indeed  the  anthers  are  placed  above  the 
stigma,  but  frequently  consist  of  a  viscid  waxy  mass,  whence  the  pollen, 
upon  the  shaking  of  the  plant,  cannot  fall  upon  the  stigma,  but  only 
by  means  of  insects  which  visit  the  plant,  and  who  smear  themselves 
with  this  clammy  substance,  can  it  be  rubbed  upon  the  stigma.  The 
Aristolochia  ctematitis^  in  which  there  is  also  observed  a  growing 
together  of  the  filaments  with  the  style,  is  impregnated  by  a  little  fly 
peculiar  to  it,  the  Tipula  pennicorniSf  Lin.,  and  which  belongs  to 
Meigen's  genus  Ceraiopogon,  This  little  creature  creeps  through  the 
tubular  portion  of  the  flower  into  the  lower  cavity  where  the  nectaries 
are  placed,  but  cannot  return  back, — hairs  placed  in  that  direction  pre- 
venting it.  Whilst  it  now  flutters  about  for  several  days  until  the 
flower  fades,  it  brings  the  pollen  into  contact  with  the  stigma,  and  thus 
causes  impregnation.  It  appears  also  that  other  plants  require  certain 
species  of  insects  to  facilitate  their  impregnation ;  and  it  may  originate 
thence  that  so  many  exotic,  and  especially  tropical,  plants,  produce  no 
seed  in  our  hot-houses,  as  they  have  not  the  peculiar  insects  requisite 
to  promote  it.  This  appears  to  be  confirmed  by  the  observations 
made  upon  indigenous  plants,  namely,  upon  Nigella  arvensis,  Iris 
siphium,  and  the  species  of  Antirrhinum,  that  they  are  also  visited 
by  insects  of  only  one  species  or  of  one  genus,  and  therefore  more 
frequently  remain  unproductive  than  others  to  which  many  insects 
resort,  as  the  Umbellala,  Syngenistce,  &c.  Many  insects,  namely,  bees 
which  live  solitary,  and  especially  the  males,  pass  the  night  also  in 
flowers,  for  instance^  Chelostoma  truncorum,  Labr.,  which  reposes  in 
the  large  Campanulce  with  pendent  flowers.  In  these  visits  they  like* 
wise  must  bnng  the  pollen  into  contact  with  the  stigma.  The 
St/ngenistofy  in  which  the  stigma  in  general  projects  far  above  the 
coronet  of  anthers,  are  visited  by  innumerable  small  beetles,  particularly 
Nitidula  tenea  and  the  Thripes,  which  creep  down  into  the  recesses  of 
the  flower,  and  naturally  upon  their  return  touch  the  stigma  with  their 
body  covered  over  with  pollen,  whence  arises,  as  we  have  before 
remarked,  the  great  fertility  of  these  flowers. 

These  remarks  may  suffice  as  a  proof  of  the  reciprocal  relation 
between  plants  and  insects.  A  more  detailed  account  of  it  may  be 
found  in  the  book  that  we  have  before  referred  to  of  Ch.  K.  Spreugel. 
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§  307. 

With  respect  to  their  relation  to  other  animals,  it  is  probable  that 
none  takes  place  between  them  and  the  lowest  in  the  scale,  as  the 
majority  of  the  latter  dwell  in  water^  whereas  insects  are  air-animals. 
The  lower  animals  also  are  especially  found  in  the  sea^  which  no  insect 
inhabits.  The  lower  fresh- water  animals  are  partly  too  small  to  supply 
insects  with  sufficient  food,  and  partly  again  too  large  to  be  conquered 
by  the  rapacious  water  insects.  Yet  I  have  sometimes  observed  leeches 
(Hirudo  vulgaris  and  species  of  Clepsini)  in  the  power  of  the  large 
Dytici,  We  may  also  admit  that  these  water  animals  exercise  the 
right  of  retaliation,  and  also  devour  small  insects,  at  least  those  among 
them  which  are  appointed  to  feed  upon  animal  matter ;  yet  they  would 
doubtlessly  offer  but  little  nutriment  to  the  leeches,  as  these  seek  the 
blood  of  the  vertebrata.  Nor  do  insects  appear  to  stand  in  any  very 
near  relation  to  the  MoUusca^  particularly  as  the  majority  of  these 
inhabit  the  sea.  The  larvae  of  many  insects  may  serve  fresh-water 
snails  as  food^  whereas  the  land  snails,  which  feed  upon  vegetable  sub- 
stances, are  attacked  by  many  insects  which  as  larvse  live  parasidcaUy 
upon  them.  Mielzinsky  first  discovered  the  larva  and  apterous  female 
of  Drilus  Jlavescens  in  the  shells  of  snails  in  the  vicinity  of  Greneva, 
and  described  it  under  the  generic  name  of  Cockleoctonut,  Subse- 
quently Victor  Audouin  and  Desmarest  made  further  observations 
upon  this  parasite,  which  is  not  rare  upon  Helix  netnoralig,  and 
explained  its  development  to  the  perfect  insect  *.  The  larvae  also  of 
the  Lampyri,  which  are  closely  allied  to  the  genus  Drilus,  live  paiasi* 
tically  in  snails,  as  Audouin  has  communicated  f .  A  third  insect,  the 
maggot  of  a  small  fiy,  the  perfect  state  of  which,  however,  is  not  known, 
is  said  to  live  as  a  parasite  in  the  body  of  the  garden  snail,  and  even  to 
show  itself  in  its  feelers.  These  are  the  only  instances  hitherto  known 
of  insects  living  as  parasites  upon  MoUusca. 

But  we  find  the  relation  of  insects  to  other  articulata,  namely^  to 
the  Arachnodea  and  to  other  insects,  much  more  common.  The 
Crustacea  almost  all  live  in  the  sea,  and  are  therefore  secured  from  the 
attacks  of  insects,  and  no  parasitic  insects  have  yet  been  found  upon 
the  Myriapoda  and  wood  lice.     The  spiders  are  also  free  from  their 

*  AtiDiUcB  des  Scicnoet  Nat,  torn.  i.  p.  67  ;  torn.  ii.  p.  129  and  443. 
t  lb.  torn.  vii.  p.  353. 
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attacks^  but  not  insects  from  the  spiders,  for  almost  all  of  the  latter 
feed  upon  insects  only.  Indeed  there  are  no  parasitic  spiders,  for  they 
are  all  absolutely  animals  of  prey,  which  capture  insects  either  by 
cunning  or  by  nets,  they  then  kill  them,  and  suck  out  all  their 
nutrimental  juices.  A  great  portion  of  the  Acariy  however,  are  parasitic 
upon  insects,  and  not,  indeed,  as  we  find  the  parasitic  Acari  upon 
birds  and  Mammalia^  beneath  the  epidermis,  but  upon  it,  and  chiefly 
where  a  delicate  connecting  membrane  binds  two  plates  together. 
We  thus  find  Gamasus  coUopiratorum  especially  upon  the  dung  and 
carrion  beetles,  namely,  Necrophorus,  Scarabteus,  and  the  Histers; 
several  of  the  Trombidia  upon  different  winged  insects,  namely, 
Libelluke,  gnats,  aphis,  &c.,  and  Ocypela  rubra,  as  a  small  cochenille 
spot,  upon  several  also  often  very  small  Diptera,  and,  lastly,  the  genus 
Aclysia,  even  upon  the  water-beetles.  They  dwell  also  upon  their 
connecting  membrane,  and  are  besides  enveloped  in  a  peculiar  case, 
whence  through  a  particular  aperture  the  creature  projects  its  mandibles, 
and  bores  into  the  skin  of  the  beetle  *. 

Much  more  numerous  are  the  relations,  considered  from  our  present 
point  of  view,  in  which  insects  of  different  families  stand  to  each  other. 
We  might  assert  that  the  predaceous  beetles  and  those  which  live  upon 
animal  substances,  carry  on  as  it  were  a  war  against  those  which  feed 
upon  vegetables,  and  upon  which  they  feed  with  the  same  voracity  as 
the  latter  do  upon  plants.  Some,  as  the  Carabodea,  Diflici,  and 
Slaphtfliniy  do  this,  particularly  in  their  perfect  state,  hunting  down 
the  larvae  of  the  herbivorous  ones,  and  devouring  all  that  they  can 
catch;  whereas  others,  and  these  especially  are  the  most  dangerous 
enemies,  seek  to  lay  their  ^gs  in  the  bodies  of  the  larvee,  thus  presenting 
their  young  with  food  in  the  body  of  a  living  creature.  We  find  this 
habit  among  the  Ichneumons  and  the  TachincB.  Both  select  for  this 
purpose  almost  exclusively  the  caterpillars  of  Lepidopter a,  and  as  a 
caterpillar  thus  pierced  must  sooner  or  later  die,  they  therefore  consi- 
derably restrict  the  infinence  such  caterpiUars  have,  by  the  destruction 
of  plants,  upon  the  advance  of  the  vegetable  kingdom.  The  larvse  of 
the  minute  Pleromaii  live  in  a  similar  manner  in  the  bodies  of  the 
Ceeci  and  Aphides,  the  influence  of  which  is  not  less  upon  the  de- 
crease of  the  vegetable  kingdom  than  that  of  the  caterpillars  of  the 

*  Vict.  Audouin  in  M^m.  de  la  Soc.  d'Uist.  Nat.  de  Paris,  torn.  i.  p.  98,  PI.  V.  f.  2. 
•-'Diet,  des  Sc.  Nat.  Art.  Aclpsia. 
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Lepidoptera.  Many  of  tliem  also  live  in  the  caterpillars  of  seyeral 
butterflies.  We  cannot  yet  determine  with  certainty  whether  these 
enemies  of  the  vegetable  feeders  are  as  select  in  the  choice  of  particular 
insects  as  the  latter  are  in  the  choice  of  their  vegetable  nutriment ;  yet 
this  appears  to  be  the  case  among  the  larger  Ichneumons.  Thus,  for 
instance,  Ophion  amicius,  Fab.,  lives  upon  the  caterpillars  of  Spkiitx 
pinaairiy  Ichneumon  lapidator  in  those  of  Noctua  Typhs.  The  large 
families  of  Sphecodea  and  Crabronea  also  destroy  the  larvae  of 
Lepidoptera  to  use  them  as  food  for  their  young,  as  we  have  frequently 
before  mentioned.  It  is  remarkable  that  all  these  enemies  of  other 
insects  belong  to  the  order  of  the  Hymenopiera,  of  which  we  already 
know  that  its  members,  by  visiting  flowers,  contribute  directly  to  the 
advance  and  increase  of  the  vegetable  kingdom.  We  have  now,  there> 
fore,  also  seen  that  they  even  go  still  further  in  promoting  this,  as  they 
destroy  and  remove  insects  inimical  to  plants.  This  double  function 
we  perceive  also  in  the  majority  of  the  Diptera,  in  as  far  as  these  in 
their  imago  state  visit  blossoms,  but  as  larvae  thrive  frequently  in  cr 
upon  insects  that  feed  upon  vegetables.  These  two  orders  it  is, 
therefore,  especially,  which  exhibit  to  us  the  closest  connexion  of  insects 
to  the  vegetable  kingdom,  as  they  in  a  double  manner  promote  the 
increase  of  plants. 

§308. 

With  regard  to  the  relation  of  insects  to  the  vertebrata,  we  may 
observe,  that  the  same  holds  good  with  respect  to  fishes  as  what  we 
have  observed  upon  the  Mollusca.  By  their  living  especially  in  water 
and  in  the  sea,  they  are  removed  from  the  direct  influence  of  insects, 
and  only  those  fishes  which  inhabit  fresh  water  appear  to  lie  in  wait 
for  the  larvae  of  the  Ephemerce,  Semblodea,  Libellula,  and  gnats,  and 
use  them  as  food.  It  has  not  yet  been  observed  that  insects  are 
parasitic  upon  fisb^  yet  the  larger  Dyiici  and  other  water-beetles  doubt* 
lessly  feed  upon  the  spawn  of  fishes,  and  even  Dyiicus  laiissimus,  as 
well  sus  its  larger  congeners,  attack  small  fishes  and  eat  out  their  eyes. 

Nor  do  the  reptiles  either  supply  insects  with  food  or  serve  them  to 
dwell  upon,  unless,  which  is  very  probable,  the  spawn  of  frogs  is  fre- 
quently consumed  by  the  large  predaceous  water  beetles.  These 
beetles  also  frequently  devour  the  little  tadpoles,  whereas  insects  supply 
the  reptiles  that  live  upon  land,  namely,  the  frogs,  salamanders,  lizards, 
and  small  snakes,  with  their  sole  and  favourite  food.    • 
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The  relation  between  insects  and  birds  is  somewhat  different.  This 
dass^  which  we  have  found  analogous  to  insects  in  their  type  of  organ- 
isation, overlooking  their  internal  skeleton,  stand  in  the  closest  relation 
to  insects.  This  relation  is  double,  as  we  find  insects  deriving  their 
food  from  birds,  and  birds  again  feeding  upon  insects.  With  respect 
to  the  first,  there  is  probably  not  a  single  bird  which  is  not  inhabited 
by  one  or  even  several  clearly  distinct  species  of  parasitic  insects,  and 
which  even  sometimes  belong  to  distinct  genera.  All  these  insects 
form  a  peculiar  large  group  among  the  parasites,  which  LinuKUs  classed 
with  the  lice,  but  which  De  Geer,  from  their  mandibulate  oral  organs, 
separated  by  the  name  of  Rictnus,  from  the  lice  {Pediculus),  and 
Nitzsch,  lastly,  collected  together  in  a  separate  family  which  he  called 
MaUophaga  (fur  destroyers),  and  classed  with  the  Orthoptera,  Their 
most  correct  situation  is  perhaps  amongst  the  Dictyoiopiera,  with 
which  we  formerly  placed  them.  This  group  falls  into  four  very 
natural  genera,  of  which  Philopterus  and  Liolheum  are  the  most 
numerous,  and  are  distributed  among  all  species  of  birds;  Trichodectes 
and  Gyropus  are  the  smallest  in  number,  and  are  found  only  upon  the 
mammalia,  namely,  upon  beasts  of  prey,  the  Glires  and  the  Rumi~ 
nantia,  they  dwell  between  the  softer  down  or  woolly  hairs,  and  feed 
upon  that  and  not  upon  the  blood  of  the  animal,  at  least  Nitzsch  found 
in  all  those  which  he  anatomically  investigated  portions  of  down  in 
their  stomach  *.  Besides  this  large  group  there  are  smaller  genera  and 
species,  which  likewise  live  as  parasites  upon  birds,  especially  upon 
young  nestlings,  particularly  the  genus  Camus,  discovered  by  Nitzsch, 
upon  young  starlings,  a  form  allied  to  the  Conopica,  as  well  as  the 
genera  Ornithomifay  Lat.,  and  Slrebla^  Wied,  both  of  which  belong  to 
the  pupiparous  family  of  the  Diptera^  which  are  found  upon  other 
young  birds,  especially  swallows. 

Insectivorous  birds  arc  those  chiefiy  which  belong  to  the  Passerines 
and  the  Cuculines.  The  Laniada  feed  almost  exclusively  upon  insects, 
but  some  are  said  also  to  prey  upon  small  warm-blooded  vertebrata. 
The  CoraceSf  or  crows,  devour  chiefly  carrion,  but  also  very  many  feed 
upon  insects,  namely,  the  jays  and  blackbirds ;  some  also  eat  fruits,  which 
we  find  likewise  in  the  true  singing  birds.  The  genera  Fringilla,  Em' 
beriza,  Tanagra,  and  Euphone  eat  fruits  and  seeds ;  Sylvia,  on  the 


*  See  Nitzach  <ib«r  die  Familien  uud  Onttungen  der  Thicriusckton.     In  Gcrmar*» 
Magazine,  vol.  iii.  p.  261. 
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contrary,  Motacilla,  Anlhus,  Certhia,  Muscicapa,  and  Hirundo,  de- 
vour insects  only,  namely,  flies  and  larvce.  Among  the  Cuckoos  it  is 
especially  the  large  genera  of  Cuculus  and  Picus  which  attack  insects, 
and  Upupa,  Epimachus,  Merops,  and  many  exotic  ones ;  whereas  the 
genera  Rhamphasius^  Buceros,  and  Psiilacus  prefer  vegetable  food, 
particularly  fleshy  fruits,  to  insects,  and  therefore  feed  chiefly  or  exdu- 
sivelr  upon  them.  We  besides  find  among  the  snipes  many  genera 
which  feed  upon  insects  and  preferably  upon  their  larvaE»,  for  instance, 
Charadrius,  (EdicnemuSy  Scolopajc,  Tringa,  and  Totanus,  partica- 
larly  their  smaller  species ;  the  other  waders  and  water  birds  prefer 
to  insects  as  food  the  amphibise,  molluscse,  fishes,  and  other  marine 
animals. 

§  309. 

We  find  a  similar  relation  between  insects  and  the  mammalia.  Manv 
of  them  are  inhabited  by  parasitic  insects,  which  either  belong  to  the 
already  mentioned  genera  Trickodecies  and  Gyropus  among  the  Mallo- 
pkagi,  or  come  under  the  genus  Pediculus,  peculiar  to  the  mammalia. 
The  genus  Pulex  also  lives  principally  upon  the  mammalia.  Among 
these  also  may  be  classed  the  pupiparous  genera  of  the  Diptera,  which 
family  is  also  distributed  upon  both  classes,  yet  only  upon  individual 
species,  and  lastly,  the  family  of  the  (Estrodea,  which  is  peculiar  to 
the  mammalia.  Trichodectes  and  Gyropus  likewise  devour  the  soft 
woolly  hair  of  the  mammalia,  and  perhaps  also  their  epidermis ;  whereas 
the  lice,  by  means  of  their  hooked  proboscis,  which  they  thrust  through 
the  integument,  suck  their  blood.  Many  species  of  them  are  found 
upon  very  many  mammalia,  for  instance,  upon  the  Glires,  Ruminantia, 
and  swine,  but  not  upon  all.  The  genus  of  the  flea  is  parasitic  only 
in  its  perfect  state,  as  a  larva  it  lives  in  putrid  substances,  espedaUy 
in  dirty  sleeping  apartments,  in  the  stalls  of  animals,  &c.  The  flea 
lives  upon  men,  bats,  beasts  of  prey,  Glires,  and  they  have  even  been 
found  upon  pigeons  and  swallows ;  they  were  all  formerly  classed  under 
one  species,  which  Linnsus  called  Pulex  irrilans,  but  they  have  since 
been  correctly  separated  into  several  species  *,  and  characterised,  as  is 
usual  among  parasites,  according  to  the  animal  they  inhabit.  I  have 
myself  only  yet  closely  examined  the  flea  of  the  rat,  and  I  have  found  it 
distinct  from  that  of  man.  Among  the  Pupipara^  the  genus  Hippo^ 
hosca  {Nirmomya,  Nitz.),  of  which  only  one  species,  the  H.  equina,  is 

*  J.  F.  Stephent*  CaUlogue  of  British  InsecU.     Lond.,  1829.  8to.    P&rt  2,  p.  328. 
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known,  inhabits  the  horse^  particularly  beneath  the  tail  and  in  the 
softer  parts;  the  genus  Melophagus,  Lat.  (Melophila,  Nitzsch),  is  also 
only  known  by  one  species,  the  M.  oviwis,  which  inhabits  the  sheep, 
among  the  downy  hair ;  the  only  species  of  the  genus  Lipopiena,  Nitz. 
(Melopheigtts,  Autor.)^  namely,  X.  Cervina  {Pediculus  cervi,  Autor.), 
frequents  the  different  species  of  deer^  and  the  genus  Nycteribia  the 
bats,  particularly  the  membrane  of  the  wing. 

The  remarkable  family  of  (Estrodea^  of  which  we  have  before  made 
frequent  mention^  live  in  their  larv.a  state  parasitic  upon  the  hoofed 
quadrupeds,  especially  the  Ruminantia,  and  they  quit  the  animal  when 
they  change  into  pupae :  this  takes  place  in  the  earth ;  but  the  flies, 
which  must  be  numerous,  to  judge  from  the  multitude  of  larvae,  are 
seldom  visible ;  and  we  are  as  yet  ignorant  upon  what  they  live.  But  the 
» parasitic  larv»  are  deposited  by  the  Hy  upon  the  skin  of  the  animal  as 
^gs^  and  bore  through  it  when,  as  is  the  case  with  CEstrus  bovis  and 
(E,  tarandi,  they  live  beneath  the  epidermis ;  or  if  they  live  in  the 
viscera  of  the  animal  they  are  conveyed  in  either  by  suction  or  licking. 
The  animals  most  subject  to  them  are  oxen,  whose  skin  this  fly  pierces 
and  deposits  its  egg  therein,  the  larvde  here  cause  swollen  excrescences, 
from  which  their  tails  project,  that  they  may  respire.  Another  species, 
the  Gastrus  pecorum,  lives,  according  to  Fabricius,  in  the  intestines  of 
oxen.  The  sheep  is  still  more  tormented,  which  receives  a  species 
(^(Estrus  ovis)  into  its  nostrils  and  temporal  cavities.  The  giddy  sickr 
ness  of  sheep,  which  has  been  attributed  to  this  larvie,  may  doubtlessly 
be  more  correctly  ascribed  to  the  worm  (Ccenurus  cerebralis)  living  in 
its  brain,  whereas  these  larvae  are  the  cause  of  the  sneezing,  from  which 
many  sheep  suffer  in  summer.  But  the  horse  is  chiefly  annoyed  by 
these  parasites :  one  species^  the  Gastr.  nasalis,  dwells  in  its  oeso-i 
phagus;  a  second,  G,  equi,  and  third,  G.  salularius,  in  its  stomach  ;  a 
fourth  (G.  hamorrkoidalis)  even  in  the  colon.  The  larvae  hang  here, 
holding  by  means  of  their  hooked  mandibles,  in  rows,  and  look  like 
thick,  blunt^  long  cones,  which  are  surrounded  at  the  apex  by  many 
rows  of  spines,  and  at  the  base  have  two  kidney- shaped  horny  laminae 
at  their  stigmata.  The  deer  besides  is  tormented  by  the  (Estri  ;  one 
species,  (Estrus  tarandi,  lives  beneath  the  skin  of  the  rein-deer,  like 
CE,  bovis  in  the  ox,  whereas  (E,  trompe  inhabits  the  temporal  cavities 
of  the  rein-deer.  This  fly  is  also  found  in  Saxony,  so  that  it  is  probable 
that  it  also  inhabits  other  species  of  deer.  It  is  certain  that  (Egtru9 
UneafuSf  Meig«,  which^  according  to  Schrank,  hangs  from  the  superior. 
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gums  of  the  deer,  as  well  as  Gastrus  nasalis,  attacks,  besides  the 
horse,  likewise  the  ass,  mule,  deer,  and  goats.  Beyond  Europe  we 
also  find  several  species,  one  of  which,  Trypoderma  cuniculi,  Wicd, 
(JEstrus  cuniculi,  Clark)  lives  beneath  the  skin  of  North  American 
hares  and  rabbits.  (Estrus  buccatus.  Fab.,  and  Musca  Americana, 
Fab.,  likewise  belong  to  this  genus,  established  by  Wiedemann,  and 
without  doubt  live  in  a  similar  manner.  The  genus  Colax,  Wied., 
which  is  native  to  the  Brazils  and  Java,  admits  of  presuming  a  similar 
mode  of  life,  from  its  affinity  to  them. 

The  mammalia,  which  feed  upon  insects,  are  less  numerous  than  the 
insectivorous  birds.  We  will  enumerate  as  such  the  smaller  Makis, 
for  example,  the  genera  Stenops,  Otolicnus,  the  last  of  which  lives 
especially  upon  grasshoppers;  the  majority  of  indigenous  bats,  the 
shrew,  the  hedgehog,  mole,  and  the  other  genera  belonging  to  the/eris 
insect ivori.  Besides,  very  many  of  the  Edentata,  namely,  Dosypus  and 
Manuf,  feed  upon  insects.  The  species  of  the  allied  genus  Myrmeco^ 
phaga,  devour  only  ants,  which  they  lick  up  with  their  long  vermiform 
tongue,  like  the  woodpecker  among  the  birds. 

§  310. 

There  still  remains,  as  the  subject  of  a  short  notice,  the  relation 
existing  between  insects  and  man.  The  human  body,  like  that  of  the 
mammalia,  serves  as  a  residence  for  several  parasitic  insects.  The  best 
known  and  most  generally  distributed  parasites  are  the  lice,  four 
species  of  which  man  nurtures  in  different  parts  of  his  body.  The 
most  numerous  of  these  is  the  head  louse  {Pediculus  capitis),  which 
lives  in  the  hair  of  the  head  of  many  children,  and  of  such  adults  who 
are  not  clean,  where  it  pierces  the  skin  and  sucks  the  blood.  It  prefers 
the  inclined  parts  of  the  head,  and  especially  the  back  of  the  head, 
where  it  deposits  its  eggs  (nits),  which  are  little  pear-shaped  bodies, 
which  it  fastens  to  the  base  of  the  hair  by  means  of  a  clammy  substance. 
The  clothes  louse  (Pedic.  vestimenti,  De  Geer),  which  differs  from  the 
head  louse  by  its  larger  sise,  more  slender  form,  and  by  having  black 
spots  upon  the  sides  of  its  body,  dwells  upon  the  whole  surfiice  of  the 
body,  but  not  upon  the  head,  preferring  particularly  the  breast  and 
back,  and  is  less  general  than  the  former,  and  only  found  in  very  dirty 
people  among  the  lowest  classes ;  it  is  exceedingly  abundant  in  Poland 
and  Russia.  It  lays  its  eggs  at  the  base  of  the  small  hairs  of  the  skin, 
and  conceals  itself  upon  the  skin  and  in  the  folds  of  the  .vestments.    A 
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tbird  speciesi  tlie  louse  of  Pbtbriasis  (Ped.  tabescentium) ,  which  is  the 
nearest  to  the  two  preceding,  has  longer  antenna?,  a  larger  and  more 
distinctly  separated  thorax^  and  an  indistinctly  ringed  abdomen,  espe- 
cially at  the  sides ;  at  its  apex  there  are  four  strong  setie.  It  only 
originates  with  Pbtbriasis,  and  lives  like  the  former  upon  the  skin  at 
parts  where  folds  are  formed  and  much  perspiration  collected.  It  has 
been  recently  observed  by  Alt,  in  Bonn.  *  The  fourth^  or  Ped.  pubis, 
Lin.,  has  a  contracted  body,  a  very  broad  thorax^  short  thick  legs^  and  a 
two-pointed  abdomen,  it  being  emarginate  at  its  apex.  It  is  found 
amongst  the  hair  of  the  arm-pits  and  of  the  pubis^  and  sometimes 
even  in  the  eyebrows,  and  is  also  found  only  amongst  dirty  people. 
According  to  Fabricius  t  the  louse  of  the  Negro  is  a  fifth  specifically 
different  species  peculiar  to  mankind.  It  is  black,  and  has  a  large,  fiat, 
triangular  head,  two-pointed  in  front,  and  a  wrinkled  uniformly  black 
abdomen. 

Next  to  the  louse  the  flea  is  the  most  general  parasite  upon  man  ; 
yet,  as  we  have  already  mentioned,  it  is  parasitic  only  in  its  perfect 
state,  and  accompanies  man  by  day  and  by  night,  tormenting  him  with 
its  painful  punctures.  Children  and  girls  are  particularly  annoyed  by 
it.  That  the  flea  of  man  is  of  a  peculiar  kind  recent  observations  have 
made  probable.  A  second  species  of  the  genus  Pulex,  the  chique, 
pique,  jiggevy  nigua,  tungua  {Pulex  penetrans,  Lin.),  is  found  in 
America,  and  nestles  in  the  flesh  beneath  the  nails  of  the  toes,  where  it 
deposits  its  e^s.  It  thus  speedily  raises  such  swelling  and  irritation 
that  if  the  dangerous  enemy  be  not  speedily  removed  inflammatory 
swellings  originate,  which  quickly  afiPect  the  whole  limb.  If,  as  some 
observers  have  remarked,  this  creature  does  not  pass  through  a  perfect 
metamorphosis,  it  wiU,  notwithstanding  its  resemblance  to  the  flea,  not 
belong  to  the  genus  Pulex,  but  must  form  a  distinct  genus  of  the 
Hemiptera,  in  the  vicinity  of  the  lice.  Pediculus  ricinoides,  of 
Fabricius,  is,  without  doubt,  the  same  creature,  and,  from  the  informa- 
tion he  had  received  of  its  imperfect  metamorphosis,  was  placed  by  him 
among  the  lice  %, 

Besides  the  flea,  the  bed  bug  {Acanthid  lectularia.  Fab.)  is  known 
as  a  parasite  of  man.  It  is  found  in  the  joints  of  bedstcds,  and  is 
not  rare,  especially  in  large  towns,  and  when  once  they  have  nestled 

*  Alt  Diaaertatio  de  Phthriasia.     Bonitfe,  1820.  4to. 
t  Sjstema  Antliatorum,  p.  240. 2.  f  Ibid.,  p.  34] .  4. 
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themselves  it  is  but  with  the  greatest  trouble  and  cleanliness  that  thej 
can  be  removed.  All  day  long  they  repose  tranquilly,  and  it  is  only  at 
night  that  they  attack  mankind.  Towards  morning  they  retire  into 
their  retreats,  and  do  not,  like  the  fleu,  accompany  man  also  by  day, 
secreting  themselves  between  the  clothes  and  the  body.  They  are 
sensible  of  all  kinds  of  odours,  for  example,  citric  acid,  the  sweat  of 
horses,  assafcetida,  sulphur,  &c.  will  drive  them  away  for  a  time. 

Besides  these  constant  parasites  there  are  a  multitude  of  other  insects 
which  as  blood  suckers  annoy  man  by  their  punctures :  such  are  the 
gnats  {Culices)y  the  genera  Ceratopogon  and  Simulia  (to  which, 
according  to  all  probability,  the  mosquitos  belong,  if  this  name  be  not 
applied  without  distinction  to  all  kinds  of  small  puncturing  Diptera, 
and  which  thence  comprises  in  different  countries  very  different  insects), 
the  Tabani  (especially  Chrysops  and  Hamaiopola),  and  the  Stomaxyx. 
It  is  usually  said  of  the  true  gnats  that  ih0  females  only  sting,  but  this 
is  incorrect ;  it  is  true  that  the  males  are  observed  less  frequently,  as 
they  die  immediately  after  pairing,  yet  do  they  sting  as  well  as  the 
females,  as  I  have  myself  observed. 

Many  larvee  are  also  classed  among  the  true  parasites  of  man,  as  they 
have  been  found  in  isolated  instances  in  his  evacuations.  Kirby  and 
Spence  relate  several  instances  in  their  classical  work  in  which  larvs 
were  either  cast  up  or  down.  Thus  the  larvae  of  Tenebrio  molitor^  of 
Dermestes  (lardarius  ? ),  and  of  butterflies ;  and  even  perfect  beetles, 
for  instance,  MeloCf  have  been  rejected.  According  to  Azara  there  is 
a  brown  moth  in  South  America  which  glues  its  eggs  to  the  skin  of 
sleeping  persons ;  the  young  larvse  bore  into  the  skin,  and  here  live  for 
a  time,  until  they  betray  themselves  by  the  pain  they  occasion,  and 
when  they  are  pressed  out.  If  this  be  true  it  can  be  referred  only  to 
the  genus  (Egti*us>  Indeed  it  is  said  that  there  is  a  species  of  this 
genus  {(Estrus  hotninh  *)  the  larva  of  which  resides  beneath  the  skin 
of  man,  as  is  confirmed  by  Humboldt's  more  recent  enquiries  f.  That 
maggots  of  the  jies  are  sometimes  evacuated  is  a  frequently  occurring 
fact  kno^vn  to  all  physicians,  and  indeed  one  instance  came  under  my 
own  observation  during  the  short  period  I  practised.  The  maggots 
were  of  the  size  of  the  half  grown  maggots  of  the  flesh  fly,  and  cor- 
responded with  them ;  but  they  were  dead  when  I  saw  them,  other- 

*  Gmclin  Systema  Nature,  vol.  i.  p.  5.  page  2811,  No.  10. 
t  Essai  sur  la  Geographic  des  Plantes,  p.  136. 
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wise  I  should  have  endeavoured  to  rear  them.  There  is  no  Scolechiasis, 
as  Kirby  and  Spenoe  call  it,  in  opposition  to  Phthriasis,  but  the  in* 
stances  in  which  sick  people  have  evacuated  the  larvae  of  insects  have 
been  accidentally  occasioned. 

The  advantages  which,  on  the  other  side>  man  derives  from  insects 
are  also  not  insignificant.  We  cannot  indeed  maintain  of  any  indi- 
vidual insect  that  it  forms  a  very  important  and  necessary  food  to  man, 
but  there  are  instances  of  insects  being  used  as  food,  and  indeed  as 
delicate  dishes.  The  Cossus  of  the  Greeks  and  the  Romans,  which  at 
the  time  of  the  greatest  luxury  among  the  latter  was  introduced  at 
the  tables  of  the  rich,  was  the  larva  of  a  large  beetle  that  lives  in  the 
stems  of  trees ;  and  was,  according  to  Kefersteln  *,  the  larva  of  a 
large  species  of  Calandra,  a  native  of  Persia  and  Mesopotamia.  In  the 
Brazils,  also,  the  larva  of  the  large  Calandra  palmarum  is  eaten,  and 
even  considered  by  many  as  a  choice  morsel.  The  grasshoppers  are 
said  to  furnish  good  food  to  the  Bedouins  of  Egypt.  The  ancients  were 
likewise  acquainted  with  this  food  of  the  Africans,  and  they  distinguished 
a  particular  tribe  by  the  name  of  Aeridophagi.  Even  among  the 
natives  of  Senegambia  and  the  negroes  of  the  coast  of  Guinea  we  find 
locusts  used  as  food.  The  Cicada,  which  are  in  many  respects  closely 
-allied  to  the  locustSt  were  eaten  by  the  ancients,  especially  the  ht  gravid 
females;  the  males  were  less  so,  as  they,  fran  their  large  air-bladders, 
were  considered  as  empty.  Amongst  the  ffytnenoptera  there  are  two 
iiunilies,  whose  economy  has  been  already  described,  which  yield  food, 
namely,  the  ants,  which,  from  their  agreeable  sour  flavour,  are  eaten  by 
several  Brazilian  tribes ;  and  the  bees,  whose  collected  provision  con- 
sists of  honey,  of  which  mention  is  made  as  food  even  in  the  earliest 
records,  and  which  is  everywhere  used  as  such  at  the  present  day. 
Manna  also,  which  is  the  juice  of  an  Arabian  plant,  the  Tamarix 
mannifera,  dried  in  the  sun,  is  caused  to  flow  by  the  puncture  of  a 
small  species  of  Coccus,  and  is  an  agreeably  flavoured  substance,  fre^ 
quently  used  in  the  East  as  food.  If  the  pleasant  taste  of  these  sub- 
stances readily  explains  their  adoption  as  articles  of  food,  it  is,  therefore, 
the  more  incomprehensible  how  certain  tribes,  for  instance,  the  Adyr- 
fnachida,  according  to  Herodotus,  the  Hottentots  and  the  South 
American  Charruels,  can  devour  as  delicacies  their  own  vermin,  a  fact 
related  and  confirmed  by  many  travellers.  ' 

*  Uber  den  unmittelUren  Nutzen  der  Iniekten.     Erfart,  1829.    4to.  P.  8 — 10. 
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As  insignificant  as  all  these  insects  are  in  point  of  the  supply  of  food 
with  which  they  furnish  man^  yet  many  others  are  extremely  important 
medicinally,     llie  chief  place  among  these  is  doubtlessly  occupied  by 
the  true  Spanish  fly  (J^ytta  vesieatoria),  a  beetle  belonging  to  the 
family  of  the  Fesici/ica,  the  majority  of  the  members  of  which  more 
or  less  possess  the  same  quality.    They  are  applied^  when  dried^  pul- 
verised, and  spread  upon  wax  or  salve,  as  blisters  agaunst  rheumatic 
affections  and  the  inflammation  of  the  internal  organs,  and  thereby  occa- 
sion an  external  attraction.     It  is  for  this  purpose,  not  only  the  most 
imiversal,  but  also  the  most  powerful  and  effective  means.  The  andents 
knew  this  blistering  property,  but  they  did  not  apply  our  beetle,  but 
a  species  of  the  allied  genus  Mylabru,  to  effect  this.    This  beetle  they 
called  jcoy^apiff,  a  name  applied  by  Linnsus  to  a  genus  of  beetles  of  a 
different  fiimily,  whence  Latreille,  supporting  himself  by  the  authority 
of  the  ancients,  calls  Fabriciu8*s  genus  Lyita,  CatUharUy  which,  how« 
ever,  is  not  to  be  justified,  as  properly  our  genus  Mylahris  contains  the 
Cantharis  of  the  ancients.    In  different  countries,  however,  different 
species  of  the  genus  Lytia  are  used  for  this  purpose ;  thus  L.  aiomaria. 
Fab.,  in  the  Brazils,  L,  gigas^  Fab.,  in  Guinea  and  the  East  Indies, 
L.  fdolacea,  Brandt  and  Ratzeb.  *,  likewise  in  the  East  Indies,  L. 
vUtata,  F.,  in  North  America,  L,  marginaiay  F.,  also  in  North  Ame* 
rica,  particularly  in  Maryland,  L.  airata,  F.,  the  same,  L.  cinerea,  F., 
in  Pennsylvania,  L.  rufipeSf  Illiger,  in  Sumatra  and  Java.    Besides, 
the  f(dlowing  insects  of  this  family  have  been  used  for  blistering,  Lydms 
trimaculus,  Fisch.  {Mylabris  irinL,  F.),  in  the  £ast  and  in  Southern 
Europe,  Mylabrit  Cichorei,  F.,  in  China.    The  species  used  by  the 
ancients  appeam  to  have  been  Mylabria  FiieMni,  Fane.,  it  is  sometinieB 
found  in  Germany,  and  is  very  abundant  in  the  south  of  Europe.    An- 
other genus  of  this  family,  namely,  Meloe^  has  been  used  for  a  some- 
what  different  purpose.    There  are  twenty-seven  species  of  this  genus 
clistributed  over  the  earth ;  all,  as  far  as  they  are  known,  secrete  a 
peculiar  yellow  fluid,  which  flows  from  between  the  joints  of  the  lege, 
which,  like  all  the  parts  of  the  Cantharides,  has  a  sharp  blistering 
efietit,  and,  as  this  consists  of  the  camphor  of  CarUAaridfis,  it  has  been 
therefore  applied  as  a  remedy  against  the  bite  of  mad  dogs  and  the 
consequent  hyckophdbia,  sometimes  with  success,  and  at  others  without 
any  effect  whatsoever,  yet  moderp  physicians  strongly  recommend  it» 

•  Anneithiere,  yoL  ii.  p.  121,  &c. 
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No  Other  iiisecls  that  have  been  used  as  medicines^  for  instance^  the 
ladybird  (CoceintUd),  against  the  toothache  have  exhibited  such 
general  utility^  nor  are  there  any  insects  in  any  of  the  other  orders 
which  have  shown  themselves  as  useful  or  important  as  medicines. 
Formerly  the  formic  add  was  used  as  a  volatile  stimulant^  whence  it 
was  applied  to  paralytic  affections^  but  it  does  not  appear  to  have 
exercised  much  influence  upon  it.  The  tannin  of  galls>  produced 
by  the  punctures  of  many  small  hymenopterous  insects  belonging  to 
the  genus  Cynifis,  has  been  applied  as  an  astringent* 

Among  those  insects  which  either  in  themselves  or  in  their  produc- 
tions present  man  with  materials  which  his  skill  has  converted  into 
clothing  or  articles  of  luxury^  the  first  place  is  occupied  by  a  lepi- 
dopterous  insect,  namely,  the  silk-worm  {Liparis  mori)»  The  web  in 
which  thb  caterpillar  encloses  itself  upon  its  change  into  the  pupa  is 
the  raw  silk,  from  which,  after  passing  through  several  preparations 
and  manipulations,  the  most  beautiful  material  which  human  skill  ever 
produced  is  woven.  Originally  a  native  of  China,  this  material  was  early 
conveyed  to  the  Greeks  under  Alexander,  and  subsequently  to  the 
Romans,  who  also  knew  the  mode  whereby  it  was  obtained  from  a  cateri- 
pillar  *  ;  but  this  itself  remained  unknown  to  them,  until,  lastly,  some 
monks,  in  the  reign  of  Justinian  (about  550  after  Christ),  brought  the 
first  cocoons  to  Constantinople.  From  here  the  cultivation  of  the  silk- 
worm spread  about  1 150  to  Sicily  and  Italy,  whence,  under  Charles  the 
8th  and  Henry  the  4th,  the  French  transplanted  it  to  France;  since 
this  period  silken  raiments  have  become  more  general  and  cheaper. 
Even  in  Gennany  its  cultivation  has  been  attended  with  success,  but 
which  does  not  appear  to  be  profitable.  Upon  the  Rhine,  in  Wurtem* 
berg,  and  in  Westphalia,  it  is  still  cultivated,  whe-re  the  silk  is  manu* 
factured  as  a  native  produce.  Thus  the  worth  of  silk  has  infinitely 
fidlen,  and  consequently  its  use  has  increased  in  the  same  ratio.  Other 
allied  caterpillars  also  produce  silk,  especially  the  species  of  the  genus 
AiUkcu*  and  some  South  American  PapiHos,  which  are  no  further 
known.  In  Peru,  even  in  the  time  of  Montezuma,  materials  were 
manufiiotured  from  the  silk,  known  by  the  name  of  mUleka,  of  the»<e 
caterpillars. 

•  Sec  Dr.  J.  F.  Brandt  and  W.  F.  Erichion,  Monographia  generis  Meloes.  In  Nova 
Acta  Get.  Leop.,  t*  zvi.  part  ii.  p.  101^  &c. 

-f*  See  Keftntein  upon  the  Bomb^  of  the  ancients,  in  Qermar^t  Magazin,  toI.  Hi. 
^  8,  fte. 
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We  may  class  with  the  silks,  among  the  useful  materials  pro- 
duced by  insects^  and  which  is  almost  of  greater  impcHtanoe,  the  red 
colouring  matter  that  several  species  of  the  genus  Cocctts  present  us 
with.  Many  of  these  insacti  contain  within  their  whole  body  a  very 
beautiful  red  colour^  which  is  extracted  by  acids;  and  these  admit 
of  being  used  as  a  colouring  matter  for  all  materials.  Among  the 
German  species  there  is  one  called  Coccus  Pohnicus,  which  is  abun- 
dant at  the  roots  of  Scleranthus  perennis,  and  which  was  universally 
sought^  prior  to  the  introduction  of  the  cochineal^  as  a  red  colouring 
matter.  Since  the  introduction  of  the  cochineal^  however,  which  is  a 
species  of  this  genus,  known  by  the  name  of  Coccus  cacti,  Lin.,  and 
which  lives  upon  the  leaves  of  the  Cactus  coccinellifer,  the  Polish  cochi- 
neal has  lost  its  importance.  A  third  species  also,  which  is  native  to  the 
South  of  Europe,  the  Coccus  Ilicis,  which  is  found  upon  the  branches  of 
the  Querctis  cocdfera,  Lin.,  and  which  in  the  middle  ages  was  especially 
used  by  the  Arabians,  who  applied  the  still  used  name  oiChermes  to  it^ 
has  likewise,  owing  to  the  more  useful  Mexican  cochineal,  been  dis- 
continued. A  fourth  species  of  this  genus,  the  Coccus ^cus.  Fab.  (C. 
lacca^  alior.),  which  dwells  in  the  East  Indies  upon  Ficus  Indka,  F. 
religiosa,  and  Mimosa  cinerea,  and  which,  by  puncturing  the  young 
twigs  of  these  plants,  occasions  the  exuding  of  the  clammy  resinous 
substance  which  when  dry  is  known  by  the  name  of  lac,  or  gun\  lac, 
likewise  produces  a  red  colour,  which  is  most  concentrated  in  the  eggs, 
and  the  use  of  which  has  recently  increased  so  much  as  to  threaten 
equalling  that  of  the  cochineal. 

Lastly,  the  tannin  contained  in  gall-nuts,  and  which  we  have  above 
Mentioned  as  a  medicament,  has  been  used  as  a  colouring  matter,  as  it 
forms  with  iron  a  black  precipitate,  that  is  admirably  adapted  to  this 
purpose.  The  ink  also,  which  to  the  learned  is  a  very  important  article, 
is  made  by  the  assistance  of  this  acid.  The  species  of  galls  used  for 
this  purpose  are  of  two  kinds ;  one,  the  true  gall-nut,  proceeds  from  the 
Cynips  galla  tinctoria,  which  pierces  the  leaves  of  Quercus  infeciona, 
Oliv.,  which  causes  those  smooth  spherical  excrescences  upon  them  ; 
the  se<K)nd  kind,  which  are  distinguished  by  being  rugose,  and  of  an 
angular  form,  are  found  on  the  fruit  of  Quercus  agylops,  and  are  either 
the  fruit  itself  distorted  by  the  puncture^  or  merely  the  scaly  cup« 
which  is  developed  into  a  gaU.  The  insect  which,  pierces  it  is,  accord- 
ing to  M.  von  Burgdorf,  Cynips  quercus  calycis.  Both  are  found  in 
southern  countries,  the  latter  in  Greece  and  in  the  islands  of  the 
Archipelago,  and  the  former  in  Asia  Minor. 
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ELEVENTH  CHAPTER. 


THE   HABITATS    OF    INSECTS. 


§  311. 

Whbn  the  question  is  asked  where  are  insects  found,  we  may 
unconditionally  reply  everywhere  except  in  the  sea,  for  there  is  no 
spot  upon  the  earth  accessible  to  organic  beings  that  is  not  inhabited 
by  insects.  In  this  universality  of  their  abode  it  will  appear  desirable 
to  class  them  under  several  heads,  that  we  may  be  thereby  enabled  to 
combine  them  more  closely  together ;  we  may  therefore  consider  this 
subject  under  the  differences  of  elements,  the  differences  of  season,  and 
lastly,  the  differences  of  climate,  the  last  of  which  has  usually  been 
called  their  geographical  distribution,  and  which,  although  it  has  been 
already  elaborated  by  several  entomologists  *,  is  as  yet  laid  down  in 
•a  very  meagre  outline.  The  materials  we  have  collected  for  the  com- 
pletion of  this  subject  are  as  yet  too  imperfect  to  submit  them  to  the 
public,  and  which  we  therefore  defer  to  another  opportunity,  and  shall 
Jbere  consequently  only  examine  them  with  reference  to  their  abode, 
as  respects  the  elements  and  seasons. 

§  312. 

As  regards  the  elements,  we  have  already  in  several  places  indicated 
that  insects  ai'e  animals  of  the  air,  and  are  referred  especially  to  live 
in  that  element.  Yet  this  means  only  that  the  majority  of  them  possess 
the  power  of  raising  themselves  in  the  air,  and  there  moving  at  wiU  for 
a  time,  and  not  that  they  exclusively  dwell  in  it.  The  air  is  absolutely 
necessary  to  every  organic  being,  and  in  so  far  every  animal  is  an  air 
animal ;  for  although  many  live  in  the  water,  they  even  here  make  use 
of  the  air  intermixed  with  it  for  the  preservation  of  their  lives.  But 
there  is  yet  a  certain  difference  between  the  different  classes  of  animals 
with  respect  to  this  necessity,  and  if  insects  do  not  belong  to  those  ani- 

*  P.  A,  Latrcillo,  Conudcrations  sur  la  Geographie  des  In&cctes.  M^m.  du  Mus. 
1815 — W.  S.  M*Leay,  Hoiw  Entomologicw.  Lond.  1819—21.  8vo.  vol.tp.  J.~ 
Kirby  and  Spence,  Introd.  to  Ed  torn.  toI.  iv.  p.  486,  &c. 
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mals  which  can  least  bear  the  withdrawal  of  air,  as  some  instances  cited 
above  prove  their  great  tenacity  of  life,  they  are  yet  doubtlessly  the 
animals  in  which  respiration  of  atmospheric  air  is  most  perfectly  deve- 
loped, and  may  therefore  especially  lay  claim  to  the  distinction  of  air 
animals.  If  now^  proceeding  from  another  pmnt  of  view,  we  should 
characterise  those  groups  among  insects  which  of  all  chiefly  reside  in 
the  air^  they  are  doubtlessly  the  Lepidoplera^  to  which  succeed  in  the 
order  of  their  respective  claims  the  HymenopterOy  Diptera,  and  lAbel- 
lula  (compare  §§  125,  126). 

There  is  not  a  single  species  among  the  Lepidoptera  which  dwells  in 
the  water  or  exclusively  upon  the  ground,  all  seek  the  air,  and  flutter 
about  in  it,  with  the  exception  of  a  before-named  apterous  female. 
Even  their  larvae,  more  than  the  larvas  of  any  of  the  other  orders,  seek 
a  place  in  the  air,  and  are  best  contented  in  this  element.  There  is  bat 
one  caterpillar  of  a  moth  (Botyt  siratiotaiu)  as  yet  observed  to  be  an 
inhabitant  of  the  water,  whereas  the  caterpillars  of  some  of  the  Noctua 
(Nociua  graminit,  &c.)  are  found  among  stones,  or  at  the  roots  of 
grass,  others  in  the  stems  of  plants  {Noctua  typhm,  &c.),  or  in  fruits 
{Tinea  (Carpocapsa)  pomona,  &c.)  Similar  habitats  in  concealed 
places  less  accessible  to  the  air  are  peculiar  to  several  of  the  inferior 
families  of  the  Lepidoptera,  whereas  the  more  perfect  ones,  for  instance, 
the  butterflies  and  crepuscular  moths,  all  live  in  the  open  air  upon 
plants.  The  perfect  insects  of  each  family,  lastly,  are  constantly  in 
motion  during  that  portion  of  the  day  in  which  the  time  of  their  gnnvth 
as  larvae  falls,  and  then  only  occasionally  repose :  thus  the  butterflies 
are  found  on  wing  in  the  sunshine  during  day,  the  crepuscular  moths 
and  Nociua  in  the  twilight ;  the  Tinea,  again,  chiefly  by  day,  bat 
especially  towards  the  afternoon. 

The  Hymenoptera  are,  the  next  to  these,  the  principal  air  insects; 
they  also,  in  their  perfect  state,  are  never  found  in  the  water,  and  ss 
rarely  as  larvae ;  yet  at  this  early  stage  of  their  existence  they  consi- 
derably diverge  from  aerial  life,  and  live  chiefly  in  confined  close  places, 
for  instance,  in  holes  in  the  ground,  in  nests,  in  the  excrescences 
of  plants,  in  their  stems,  and  parasitic  within  other  larvae.  The 
pseudo-caterpillars  of  the  saw-flies  only  seek  the  air,  and  dwell  in  it 
openly  upon  leaves.  The  perfect  insects  possess  excessive  motion,  are 
constantly  flying  about  in  the  air  and  sucking  flowers,  and  the  females 
only  of  some  of  them  as  well  as  the  neuter  ants  are  deprived  of  the 
power  of  flying. 
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Among  the  flies,  or  Diptera,  there  are  seyeral  which  live  as  larve  in 
the  water,  as,  for  instance,  the  gnats,  many  Tipuke,  and  the  Stra* 
Homydaf  but  no  perfect  insect  of  this  order  dwells  in  this  element. 
The  other  larvae,  like  those  of  the  Hymenoptera,  all  seek  dark  remote 
places,  r^noved  finom  the  air,  and  come  but  seldom,  and  as  exceptions, 
into  day-light. 

The  same  is  the  case  with  the  LibeUuUBi  for  as  much  as  these  in 
their  perfect  state  are  aerial  insects,  so  strictly  as  larvae  are  they  confined 
to  the  water. 

In  the  other  orders  the  habitat  differs  more  and  more,  until  among 
the  beetles  it  attains  its  greatest  degree  of  dissimilitude.  If  we 
examine  in  the  first  place  the  Hemiptera,  the  majority  of  them  are 
indeed  aerial  insects,  but  also  very  many  are  inhabitants  of  the  water. 
The  family  of  the  lice  live  parasitic  upon  mammalia,  they  therefore  live, 
although  in  the  air,  for  the  water  mammalia  have  no  lice»  yet  in  places 
secured  from  its  free  access.  The  Aphides,  or  plant  lice,  partly  live 
in  a  similar  manner,  namely,  in  the  excrescences  of  plants  formed  by 
themselves,  but  partly  also  in  the  open  air  upon  leaves  and  young  twigs. 
The  Cocci  and  Chermes  have  similar  places  of  abode.  The  true  bugs 
are  chiefly  found  upon  the  ground,  in  the  grass,  or  on  trees,  or  lastly, 
upon  leaves ;  but  few  are  apterous,  and  these  must  necessarily  crawl 
about  upon  the  ground;  some  genera  (JSydrometrc^  Velia,  &c.)  run 
upon  the  sur&ce  of  the  water,  or  dive  into  it.  One  genus  of  this 
group,  namely,  HcUobaies,  Eschsch*,  courses  about  upon  the  sur&ce  of 
the  sea  between  the  tropics,  and  is  the  only  insect  that  that  has  fami- 
liarised itself  with  the  sea.  The  true  water  bugs  {Hydrocorides)  live 
exclusively  in  the  water,  exactly  as  the  Cicadaria  course  about  exclu- 
sively in  the  air,  upon  the  leaves  of  plants  and  on  their  twigs. 

All  the  Ncuroptcra  in  their  perfect  state  live  in  the  air,  where  they 
fly  tolerably  constantly  and  rapidly  about,  yet  their  larvae  are  found 
partly  in  the  water,  as  among  the  Pknfganem  and  Semblodea,  and 
partly  in  sand,  as  in  MyrmecoUon  and  AtBaJaphus,  or  in  the  air  upon 
pUnts,  where  they  hunt  down  other  insects,  as  is  the  case  with  JRha- 
phidia  and  HemerohtHs, 

The  Orthoptera  have  received  as  their  chief  dwelling-place  the 
earth  itself;  here  they  are  found  concealed  among  grass  and  plants, 
and  a  few,  as  liocusta  viridissima,  upon  the  elevated  parts  of  plants. 
They  are  therefore  especially  animals  of  the  earth^  which  is  still  more 
strongly  expressed  by  the  habits  of  some  of  the  genera,  for  instance,  of 
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Acheta  and  Gfyllotalpa,  which  excavate  holes  for  their  dwelling- 
places.  Some,  as  the  cockroaches  (JBlattaria) ,  are  true  noctnrxul 
animals,  which  conceal  themselves  during  the  day,  and  only  at  night 
run  about  upon  the  ground. 

The  habitats  of  beetles  are  as  different  as  their  entire  organisation. 
Large  families,  as  the  Melanosomata  and  Helapodea,  are  strictly  fixed 
to  the  earth,  and  scarcely  ever  quit  it.  The  majority  of  the  Melanoso- 
mata have  consequently  lost  the  organs  of  flight  with  its  capability. 
Others,  as  the  capricoms,  Chrysomehe,  ladybirds,  and  cockchafers,  are 
found  only  upon  plants,  and  consequently  seek  the  air,  although  they, 
and  chiefly  the  former,  but  seldom  fly.  The  CurcuUos  are  partly  fixed 
to  the  earth,  as  Brachycerus,  Plinthus,  MeleuSy  Cleonis,  Thylaciiet^ 
Sitonat  &c- ;  others  live  upon  plants,  as  Ceutorhynchusy  Ciontu,  Or- 
chestes,  Phyllohius,  Apion,  Rhynchites,  &c. ;  a  few,  as  some  species 
of  JBagouSy  Hydronomus,  Alismatis,  Schon.,  &c.  are  found  also  in  the- 
water  upon  roots,  but  they  do  not  swim.  The  true  water  beetles  are 
the  Dylici,  Gyrintut,  Hydrophilus,  Hehphorus,  Elmity  and  the  other 
Macrodactyli.  The  larvae  of  these  also  are  found  only  in  the  water, 
whereas  the  larvie  of  the  preceding  families,  as  fieur  as  they  are  known, 
seek  remote  and  concealed  places,  for  instance,  the  earth  and  the  in- 
terior of  plants.  The  larvte  of  the  Ckrysomelas  and  CoccinelL^  live 
chiefly  upon  plants,  partly  from  which  they  support  themselves,  and 
partly  from  the  plant  lice  found  upon  them.  Many  insects  also  seek 
dark  remote  places  removed  from  the  open  air ;  some  therefore  live  in 
dung,  as  the  Copropkagi,  some  in  carrion,  as  the  Peltodea,  or  in  both 
substances,  as  the  Brachyptera :  their  larvK  also  live  partly  in  these 
substances  or  in  the  earth  in  their  vicinity.  Some  perfect  beetles  like- 
wise, as  the  genera  Heterocerus  and  Prognatkus,  live  in  the  earth, 
particularly  in  the  moist  sand  of  the  sea  coast,  but  towards  evening 
they  quit  these  places  of  abode,  and  fly  about  in  the  dusk.  The  ma- 
jority of  the  small  Carabodea  do  the  same,  seeking  for  prey,  although 
they  but  rarely  quit  the  earth  during  the  day.  The  larger  ones  are  for 
ever  fixed  to  the  earth,  for  they  have  no  wings,  although  the  genus 
Calosama  forms  an  exception,  the  species  of  which  are  winged,  and. 
frequently  fly.  The  last  &mily  of  the  beetles,  the  Cicindelaceoy  Uve 
chiefly  upon  sand,  but  the  majority  of  them  can  fly  as  well  as  they 
can  run,  and  immediately  exercise  this  faculty  when  in  danger  or  if 
pursued. 
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§  313. 

With  respect  to  the  several  seasons  of  insects,  in  cold  and  temperate 
elimates>  they  first  present  themselves  during  the  warm  days  of  spring, 
bat,  in  hot  climates,  it  is  during  and  immediately  after  the  rainy  season, 
which  there  supplants  winter,  that  they  are  seen.  We  know  but  little  of 
the  appearance  of  insects  in  the  highest  latitudes.  Otto  Fabridus  men- 
tions in  his  "  Fauna  Oroenlandica  "  sixty-two  species  of  insects  observed 
by  him  in  Greenland,  of  which  eleven  were  beetles,  nine  Lepidoptera,  two 
Hymenopiera,  nineteen  Diptera,  seventeen  Diciyotoptera  (one  LibeU 
lula,  seven  Poduragy  and  nine  Mallaphaga),  two  Neuroplera,  and  two 
Hemiptera  (lice),  the  most  of  which  he  caught  in  the  months  of  July 
and  August.  But  we  may  readily  admit  that  many  escaped  him,  as  may 
be  presumed  from  Zetterstedt's  "  Fauna  Lapponica,"  where  very  many 
more  are  enumerated.  In  temperate  climates  the  number  of  species  in- 
creases considerably,  for  in  Europe  only  there  are  doubtlessly  more  than 
20,000  species,  at  a  moderate  calculation.  Their  time  of  appearance 
varies  considerably,  yet  the  time  of  their  greatest  activity  is  the  summer: 
during  the  whole  of  winter  there  are  but  few  insects  in  the  open  air. 
The  reason  of  this  we  may,  with  Kirby  and  Spence,  consider  to  be  the 
deficiency  of  their  aliment,  for  although  many  insects  do  not  feed  upon 
vegetable  substances,  yet  the  majority  of  the  flesh  feeders  obtain  their 
nutriment  from  the  herbivorous  ones,  and  whose  existence  is  thus  there- 
fore bound  to  the  vegetable  kingdom.  It  therefore  thence  happens  that 
winter,  by  putting  aside  the  green  vesture  of  the  earth,  likewise  chases 
the  insects  that  feed  upon  it.  If  we  examine  this  more  closely  we  shall 
find  that  this  relation  of  insects  to  plants  is  very  absolute,  for  the 
majority  of  those  insects  which  hybemate  in  their  perfect  state  are  flesh 
eaters,  which  find  food  even  in  the  young  larvae  just  escaped  from 
the  egg-sheU,  whilst  the  latter  are  feeding  sparingly  upon  the  just 
developed  leaves.  If  we  look  to  those  insects  which  pass  through  their 
earlier  stages  during  the  winter,  we  may  assert  generally  that  all  insects 
likewise  exist  during  the  winter,  but  in  very  different  states.  Some 
hybemate  as  eggs  only,  others  as  larvas,  others  again,  and  perhaps  the 
majority,  as  pupie,  and  the  fewest  doubtlessly  as  perfect  insects.  From 
all  these  very  diflerent  states  they  all  assemble  as  perfect  insects  in 
the  summer,  and  this  also  is  truly  the  season  in  which  insects  are 
consequently  most  active. 

As  eggs,  insects  of  all  orders  bybernate,   yet  these  are  but  few 
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in  comparison  with  their  collective  nnmbers.    The  leaMm  of  this  is» 
that  many  young  larvae^  if  they  were  disclosed  from  the  egg  early  in 
the  springs  would  not  find  their  necessary  food ;  and  other  ^gs  are  depo- 
sited in  substances  which  are  found  only  in  the  summer^  as  leaves  of 
plants^  the  larvse  of  other  insects,  &c.     But  we  may  maintain  as  a 
general  fact  that  those  insects  especially  hybemate  as  ^;g8>  which  deve- 
lope  in  the  course  of  one  year  two  or  three  generationsy  as  we  have 
already  mentioned  of  the  plant  lice ;  most  of  these  do  not  hybermite, 
except  as  ^gs.     Those  also  hybemate  as  ^gs  whose  development 
as  perfect  insects  takes  place  very  late  in  the  year,  as  most  of  the 
Orthoptera,  for  instance,    Acketa^    GryHotalpa,    Locutta,    GryUus^, 
They  can  therefore  pair  only  very  late  in  the  year,  so  that  the 
young,  should  any  be  disclosed,  would  no  longer  find  food  during  the 
same  year.     The  females  consequently  excavate  holes  in  the  earth 
and  bury  their  eggs  therein,  when  they  die,  as  the  males  have  before 
done.    The  same  is  the  case  with  the  second  autumnal  generation ;  in 
this  instance  also  the  larvK  would  no  longer  find  food,  the  eggs  are 
therefore  disclosed  in  the  spring.    Amongst  the  Lepidopierth  Gastro~ 
tropacha,  Neustria,  and  Liparis  dispar  hybemate  as  ^gs*    In  each 
case  the  mother  deposits  her  ^gs  on  the  twigs,  and  never  on  the 
leaves,  of  such  trees  the  leaves  of  which  the  caterpillars  foed  cm. 
Geomeira  groisulariata,  on  the  contrary,  is  disclosed  the  same  year, 
and  hybemates  as  a  larva.  It  is  remarkable  that  only  those  Lepidoptera 
whose  caterpillars  live  upon  perennial  jdants  hybemate  as  eggs  or  ns 
caterpillars,  and  the  rest  chiefly  as  pupae,  a  phenomenon  which  even 
Roesel  observed,  and  which  finds  its  natural  cause  in  that  the  leaves  of 
all  annual  plants  appear  later  than  those  of  perennial  ones.    The  pupe 
conseqnently  are  developed  later  than  the  ^gs,  because  the  imago  finds 
food  only  in  the  flowers,  whereas  the  caterpillars  find  it  in  the  leaves. 
The  degree  of  oold  that  exposed  eggs  can  endure  is  not  triflii^. 
Spallanaani  placed  the  eggs  of  the  silkwonn  in  a  temperatore  ef 
3ff*  Fahr.,  and  yet  larvae  were  disclosed  from  them,  as  well  as  from 
others  that  had  been  exposed  to  a  temperature  of  5^  Fahr. 

Many  insects  are  found  as  larvae  also  during  the  winter,  namely,  adl 
such  which  pass  more  than  one  year  in  this  state,  as,  for  instanoe, 
MeMontha  vulgaru^  Oryciet  nasiccmU,  Lucanus  cervus,  the  large 
caprioorns,  many  Elaiert,  Buprestet,  and  a  multitude  of  Lepidopierii, 
namely,  Euprepia  malronula,  Cossus  Ugniperdoy  &c.  Many  of  tibem 
are  said  to  form  a  sort  of  dwdb'ng,  for  examplci  Cotsus,  in  whidi  they 
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pass  the  winter  in  a  species  of  torpidity.  The  rest  creep  into  slits^  holes, 
or  between  fellen  leaves,  where  they  also  fSeJl  into  a  lethargic  state.  Bat 
this  kind  of  hybernation  is  the  least  usual,  as  the  minority  of  larvae 
live  but  one  year,  and  most  of  them,  even  during  the  summer,  pass  into 
the  perfect  state.  Those  larvte  which  hybemate  can,  in  their  lethargic 
aleeping  states  bear  a  high  degree  of  cold.  Lister  says  that  he  has  seen 
ficoaen  caterpillars,  which,  upon  falling  upon  hard  substances,  rebounded 
like  stones,  and  yet,  after  thawing,  return  again  to  life.  Although 
Reaumur  was  unsuccessful  in  this  experiment,  Kirby  and  Spence 
assure  ua  that  the  larve  of  Tipuia  oleracta  have  come  to  life  again 
afiter  thawing.  Bonnet  also  has  observed  the  same  in  the  caterpillars 
of  the  common  white  butterfly. 

Those  insects  which  hybemate  in  the  pupa  state  are  chiefly  the 
Lepidoplera,  nine-tenths  of  which,  according  to  Kirby  and  Spence,  do 
so.  As  their  entire  pupa  state  is  a  species  of  lethargy,  it  must  be 
vary  easy  for  them  to  hybemate  in  it,  and  consequently  endure  severe 
cold,  yet  the  majority  of  pupae  are  nevertheless  protected  by  particular 
coverings  and  places  of  repose  from  this  influence  of  the  cold.  Many 
lie  tolerably  deeply  in  the  ground,  in  cavities  which  have  been  pre- 
viously excavated  by  the  caterpillar.  Others  which  hybemate  merely 
between  fallen  leaves,  as  the  pupae  of  Deilephila  Ga/tt,  D.  EuphorbUg, 
D.  ElpenoTf  &c.,  weave  these  by  means  of  their  web  into  a  covering ; 
others,  as  the  caterpillars  of  the  Nccttue  and  Bomb^ces,  weave  a  perfect 
cocoon,  which  inside  is  covered  with  a  glue-like  substance.  The  lethargy 
of  these  pupae  continues  also  frequently  towards  the  commencement  of 
the  summer,  for  the  imago  only  appears  when  the  plants  are  in  blossom. 
The  larvm  also,  which  live  several  years,  pass  their  last  winter  generally 
in  the  pupa  state ;  we  therefore  find  the  perfect  insect,  as,  for  example, 
the  cockchafer,  early  in  the  spring. 

Perfect  insects,  which  hybernate  as  such,  prepare  themselves  early 
in  the  autumn  for  this  purpose,  especially  in  the  warm  days  of  October. 
They  consist  chiefly  of  beetles,  but  also  of  individuak  of  all  the 
other  orders,  which,  like  these  beetles,  have  not  yet  paired.  They  then 
run  in  troops  in  every  direction,  seeking  places  where  they  can  pass 
the  ivinter.  These  are  the  apertures  and  holes  of  trees,  especially  those 
between  the  bark  and  stem  of  old  ones  still  existing  only  as  stumps. 
Here  they  may  be  found  during  winter  in  multitudes.  We  especially 
find  all  such  insects  there,  which,  as  larvae  or  as  perfect  insects,  inhabit 
wood,  as  the  genera  Lyclus^  Col^dium,  Rhygophagus,  with  their  allies. 
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Also  Nitiduia,  Engis,  Allecula,  and  the  Securipalpa,    Also  the  smaller 
Carabadea,  as  Lebia  and  Dromius,  and  many  others.  Some  Hymenoptera 
also^  as  the  Ichneumons  and  Diplera,  we  likewise  find  in  sach  sitoations. 
Others^  as  the  Harpali,  Amarcs,  and  Feronice,  prefer  lying  beneath 
stone,  generally  in  small  holes,  chiefly  with  their  backs  turned  down- 
wards, clinging  to  the  stones  with  their  legs.   Others,  again,  at  the  foot 
of  trees,  in  woods,  amongst  the  moss,  sometimes  in  holes  prepared  for 
the  purpose,  like  the  large  Carabi,  the  Elaters,  the  Silphof,  &c.    We 
in  general  find  them  alone  in  such  situations,  but  sometimes  they  lie 
in  multitudes  collected  together,  as  Brachinus  crepitans,  and  other 
Carabodea.    Between  leaves  the  Curcnlios  delight,  and  we  find  the 
Slaphylini  under  grass.     Some  Lepidopiera  also  faybemate  at  suitable 
places  in  granaries,   &c.,  as   Vanessa    Urticeey  O.,    V.  Polychhras, 
V.  Cardui,  V.  lo,  also  Colias  Rhamniy  and  many  Noctua,     These, 
therefore,  appear  very  early  in  the  year,  as  soon  as  they  are  aroused  by 
the  warm  sunshine.     All,  especially  those  which  creep  beneath  bark, 
are  said  to  place  themselves  on  the  south  side,  and  never,  or  very  seldom, 
on  the  north.     Whilst  remaining  in  these  hiding-places,  they  are 
generally,  unless  excessive  cold  intervenes,  pretty  lively,  and  they  are 
even  lured  during  warm  days  to  quit  their  retreats,  as  for  instance,  the 
Carabi,  Aphodii,  and  Staphylini,  which  then,  even  in  winter,  are  seen 
swarming  upon  the  snow.   At  what  degree  of  cold  torpidity  is  produced 
cannot  be  easily  determined,  and  it  also  differs  considerably  in  difierent 
insects.     According  to  Huber,  the  ants  become  torpid  at — 2^  Reaum., 
and  previously  lay  themselves  as  closely  as  possible  together :  this  may 
happen  also  earlier  or  later.    In  others,  its  degree  also  is  very  different, 
according  to  the  temperature.     That  such  a  torpid  state  is  actually 
found  in  insects,  we  may  easily  convince  ourselves  by  seeking  them  in 
their  hiding  places,  and  bringing  them  by  d^ees  into  a  warmer  tem- 
perature, when  we  see  them  gradually  arouse  themselves  and  become 
active.     The  flies  also,  which  give  us  their  society  even  during  the 
winter  in  our  apartments,  are  active  near  the  fire-place,  whereas  at  the 
windows  they  appear  weak  and  inert.  - 

Some  few  insects  do  not  appear  to  become  torpid,  but  even  in  winter 
present  themselves.  This  is  well  known  of  Geomelra  (Acidalia)  brU" 
maia,  which  appears  towards  the  end  of  the  autumn,  and  flies  about  in 
orchards,  to  which,  as  larva,  it  is  very  injurious,  until  late  in  the  winter. 
OUiers  become  torpid  on  cold  days,  but  present  themselves  on  mild  ones, 
and  again  gnaw  the  buds,  as  the  caterpillar  of  Noctnafuliginosa,    This 
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is  also  the  case  with  the  Trichocera  hiemalU,  Meig.>  for  it  is  not  rarely 
that  we  find  it  upon  clear  sunny  winter  days^  dancing  its  choral  round 
in  the  air  over  the  snow.  Others^  again^  present  themselves  only  with 
and  upon  the  snow^  as  Boreus  hiemalis,  Lat.>  a  genus  allied  to  Panorpa, 
but  winglesb,  which  is  not  rare  in  woods  upon  warm  winter  days ;  as 
also  the  PodurtB,  which  swarm  like  black  dust  sometimes  upon  the  sur- 
face of  the  snow ;  and,  lastly^  the  equally  apterous  Chionea  araneoides, 
which  belongs  to  the  Diptera,  with  many  jointed  antenns,  and  which 
Dalman*  has  described,  and  which^  according  to  him>  is  found  in 
Sweden  upon  the  snow  at  a  temperature  of  2° — 3°  (of  the  scale  divided 
into  a  hundred). 

If  we  now  cast  a  glance  upon  the  time  of  appearance  of  tropical 
insects^  the  information  we  have  yet  received  upon  this  subject  is  so 
imperfect,  that  scarcely  anything  satisfactory  can  be  deduced  from  it. 
According  to  the  letter  of  Westermann  to  Wiedemann  f,  at  Kiel,  which 
is  so  interesting  from  the  intelligence  it  gives  us  of  the  habits  of  many 
tropical  insects,  insects  are  found  in  Java,  Bengal,  and  at  the  Cape,  only 
during  the  rainy  season,  during  which  the  whole  tropical  vegetation  is 
in  itd  highest  luxuriance,  and  they  then  swarm  upon  flowers  and  leaves, 
seeking  nutriment.  Where  they  conceal  themselves  during  the  hot 
season  is  not  yet  known  with  certainty,  yet  they  doubtlessly  seek  places 
of  retreat  simihu'  to  those  sought  out  by  our  own  during  winter.  Thus 
the  hot  temperature  of  a  tropical  summer  has  the  same  eflTect  upon 
insects  as  the  cold  of  winter  with  us,  and  what  lures  them  from  their 
hiding  places  with  us,  drives  them  there  into  their  concealed  places  of 
resort.  Yet  it  is  the  same  law  which  is  in  force>  and  by  which  insects 
are  especially  bound  to  the  luxuriant  increase  of  the  v^etable  kingdom, 
for  it  is  only  during  the  warm  rainy  season  tliat  tropical  plants  are  in 
blossom,  and  they  are  then  visited  by  insects  of  all  descriptions. 

*  Aoalecta  Entomologict,  p.  33.  -f-  GemiAr'B  MagaziD,  yoL  iv.  p.  411,  &c. 
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§314. 

SiNCE^  in  modern  times,  more  attention  has  been  paid  to  the  organic 
remains  of  a  former  world,  communications  have  occasionally  been  made 
of  insects  of  this  description,  but  this  class  has  not  yet  received  all  the 
elaboration  that  has  been  given  to  the  others.  The  reason  of  it  may  be 
that  insects  are  not  generally  found  in  those  formations  where  the 
remains  of  the  other  classes  are  so  abundant,  namely,  in  the  calcareous 
strata  of  the  tertiary  period,  but  are  chiefly  imbedded  in  a  v^etable 
resin  known  by  the  name  of  amber,  and  which  is  cast  up  by  the  Baltic, 
or  found  in  the  more  recent  strata.  This  substance  is  found  at  places, 
which,  although  not  lying  beyond  the  limits  of  scientific  cultivation, 
yet  where  the  study  of  a  destroyed  organisation  is  not  heeded,  either 
from  their  remains  not  presenting  themselves,  or  in  very  solitary  in- 
stances; and  amber,  which  is  the  sole  substance  in  which  the  remains  of 
organised  beings  have  been  frequently  found  there,  is  generally  applied 
to  mercantile  purposes,  and  it  seldom  happens  to  &11  into  the  hands  of 
learned  men  or  the  there  very  isolated  naturalists.  But  within  these 
few  years  the  incentive  to  the  investigation  of  native  productions  has 
very  much  increased,  and  attention  begins  to  be  paid  at  home  to  what  the 
country's  produce  has  previously  only  advanced  abroad.  We  cannot 
however  deny  that  the  study  of  destroyed  organic  beings  has  been 
much  stimulated  and  promoted  in  and  by  France,  especially  by  Cuvier*8 
immortal  works.  Hence  have  originated  also  the  labours  upon  destroyed 
insects  which  are  found  in  other  formations,  namely,  in  calcareous  marl, 
by  Marcel  de  Serres  *,  who,  in  a  distinct  treatise,  has  characterised  the 
insects  found  in  it.  Berendt  has  promised  a  detailed  description  of  the 
insects  found  in  amber,  and  his  prefatory  remarks  upon  the  existence 

*  Annales  dct  Sciences  Nat.,  torn,  zv.  p.  1 8. 
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and  origin  of  amber  are  already  published  *.  From  these  preludatory 
labours  and  our  own  investigations^  which  we  have  been  enabled  to 
make  in  the  academical  collection  at  Grei&wald  and  Berlin,  the  follow- 
ing summary  is  drawn. 

§  315. 

Upon  commencing  with  insects  which  are  found  in  amber,  as  the 
organic  remains  belonging  to  an  earlier  formation,  namely,  to  brown-coal, 
we  may  assert  there  is  not  the  least  doubt  that  amber  is  a  vegetable  resin, 
which  must  have  originated  like  the  present  copal,  that  exudes  from 
the  stem  of  a  North  American  tree,  namely,  the  Rhus  copalina,  Lin. 
The  tree  which  produced  amber  was  doubtlessly  lost  with  the  vegetables 
whose  remains  form  the  strata  of  brown-coal,  and,  therefore,  amber  is 
still  found  in  isolated  masses  in  this  formation.     It  more  frequently 
<xxur8,  as  I  have  above  mentioned,  amongst  the  rejectamenta  of  the 
Baltic,  and  imbedded  in  the  recent  strata  of  its  southern  coasts, 
especially  in  moory  peaty  places,  where  the  ground  still  continues 
covered  with  woods,  namely,  on  the  Prussian  coasts  in  Pomerania, 
upon  the  coasts  of  the  peninsula  Dars,  which  partly  forms  the  frontiers 
towards  Mecklenburg.     I  have  there  myself  frequently  found  it  in  the 
situations  above  described.     The  way  in  which  insects  have  been 
enclosed  in  this  amber  can  be  no  other  than  that  they  stuck  to  the 
resin  when  this  was  in  a  £uid  state>  and  were  enveloped  in  it  by  what 
continued  to  exude.    According  to  the  rapidity  with  which  this  took 
place,  depends  the  condition  of  the  enclosed  insect.    Those  which  were 
quickly  enveloped  are  perfectly  well  preserved  with  their  natural 
colours,  but  those  which  first  died  and  remained  for  a  time  exposed  to 
the  open  air,  are  more  or  less  injured*  and  are  surrounded  upon  the 
surfoce  with  a  white  mouldy  covering,  and  which  has  occasionally 
obscured  and  disfigured  the  approximate  resin.    I  have  observed  this 
mould  in  many  insects  of  the   Berlin  Museum,  which  came  from 
Prussia,  and  which  are  enclosed  in'  a  dark  bubbly  amber,  whereas  I 
have  never  observed  it  in  the  bright  yellow  Pomeranian  amber.     We 
might  thence  conclude  that  the  latter  was  originally  more  fluid  and  the 
former  slower  in  exuding,  and  thence  building  a  further  hypothesis  that 
the  two  kinds  proceeded  from  different  trees. 

With  respect  to  the  families,  genera,  and  species  of  insects  which 

*  Die  Insekton  in  Bcrnateio  Ton  Dr.  O.  C.  Berendt.   Danzig.  1830.  4to. 
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are  thus  found  in  amber,  we  may  repeat  what  has  been  observed  by 
earlier  inquirers,  that  they  present  a  conformity,  in  the  majority  of 
instances,  with  existing  forms,  and  even  an  identity  of  species  can  be 
shown ;  but  this  yet  remains  undecided,  and,  in  many  instances,  is  not 
the  case.  Among  all  the  amber  insects  that  I  have  seen,  I  have  rarely 
found  a  completely  new  or  very  dissimilar  form,  but  I  have  in  general 
immediately  recognised  still  existing  genera.  I  must  also  agree  with 
the  earlier  observers,  that  the  insects  found  in  amber  are  not  those 
which  belong  to  our  latitudes,  yet  there  are  many  forms  which  perfectly 
agree  with  ours.  This  may  especially  be  said  of  the  smaller  flies  and 
gnats;  but  particularly  in  the  cockroaches,  many  beetles,  and  the 
majority  of  the  Hymenoptera^  the  resemblance  to  exotic  forms  is  still 
greater.  The- number  of  different  species  of  insects  that  have  been 
found  in  amber  is  not  inconsiderable,  and  convinces  us  that  the  dass 
of  insects  in  a  former  world,  as  even  now,  must  have  been  the  most 
numerous  in  species ;  but  we  find  in  amber  only  the  members  of  those 
families  which  are  found  in  woods  or  trees,  and  scarcely  ever  water- 
beetles,  whence,  from  the  abundance  of  these,  we  may  draw  oonclosioos 
as  to  the  multitudes  of  all  the  rest. 

§  316. 

After  these  prefatory  remarks,  we  may  proceed  to  the  consideration 
of  the  enclosed  insects  themselves.  I  shall,  however,  only  give  what  I 
have  myself  observed,  merely  mentioning  the  orders,  families,  and 
frequently  also  the  genera  of  insects  that  I  have  detected  in  amber,  and 
reserve  their  detailed  description  for  another  distinct  work.  I  have 
been  induced  to  this  by  the  work  announced  by  Berendt  of  the  amber 
insects  observed  by  him,  and  for  the  appearance  of  which  I  shall  wait 

In  the  order  of  the  Coleoptera  I  have  never  detected  an  individual 
belonging  to  the  Cicindelce,  and  of  the  Carahodea  I  have  only  observed 
a  small  Dromius  in  the  collection  at  Oreifswald,  whereas  G^ermar*  has 
discovered  another,  which  he  has  described  and  called  Lebina  resinata, 
I  have  never  yet  met  with  a  Slaphylinus ;  it  is  not  improbable  that 
they,  especially  the  Aleochara,  may  be  found  in  amber.  Nor  have  I 
observed  any  carrion-beetles  nor  any  pentamerous  beetles  with  davate 
or  capitate  antennas.     I  have  detected  several  Elaters,  for  example, 

•  Magaiindcr  Entomologie,  vol.  L  Pt.  1,  p.  IS. 
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one  very  similar  to  the  Ehter  cylindrictiSy  Gyll.,  and  many  smaller 
species,  but  I  have  not  foand  a  single  Bupreslis,  although  these  might 
readily  offer.  The  Deperditores  are,  however,  not  rare»  namely,  forms 
resembling  Anobium  perlinax  and  An,  rufipes,  Desmarest  founds 
also,  an  Atradocerus  in  amber.  A  Cantharis  very  like  C  nigricans. 
Fab.,  I  have  seen  in  the  Berlin  collection.  Among  the  Heleromera 
I  have  hitherto  only  observed  a  small  Opatrum  allied  to  Op.  «a- 
bulotum,  G^rmar  has  described  a  Mordella  (M.  incbud).  .  Of  the 
Tetramera,  I  detected  in  the  collection  at  Greiftwald  the  leg  of  a 
capricom-beetle,  but  no  other  insect  of  this  family  except  a  little 
creature  very  like  the  Ohrium  lesiaceum.  The  ChrysomeUg  are  more 
numerous.  I  saw  a  small  purple  shining  HaUica,  several  Crioceris, 
and  a  few  Gallervca.  The  Bosirtfchodia  are  very  numerous,  but  1 
could  not  determine  one  with  certainty.  In  Greifswald  I  met  with  a 
species  of  Platypus,  and  in  Berlin  with  several  true  Bostrychi  and 
Apata.  The  Curculios  also  are  tolerably  abundant,  particularly  species 
of  the  genera  Phyllobius,  Polydrusus,  Thy  ladles.  Sic,  and  some  forms 
allied  to  exotic  groups,  which  I  could  not  more  closely  determine.  I 
have  never  observed  any  of  the  smaller  Curculios,  as  Ceulorhynchus, 
Cionius,  or  Apion, 

The  Hymenoptera  are  very  abundant,  but  I  have  never  observed  a 
Tenihredo  or  a  Urocerus,  although  both  families  live  especially  in  woods 
and  feed  upon  vegetable  substances,  and  the  latter,  as  larvs,  bore  the 
stems  of  trees.  But  in  the  Berlin  Museum  there  are  several 
Ichneumonodea,  whose  generic  affinities  1  have  not  yet  been  able  to 
determine  satisfactorilv.  One  of  them  has  antennae  swollen  in  the 
middle  like  Bassun  {Euceros)  Crassicornis,  Grav,  An  Evania  also, 
allied  to  Evania  minuia,  Fab.,  is  at  Berlin  and  Greiftwald.  I  have 
not  yet  observed  a  Cynips  in  amber,  although  I  have  seen  a  Sphex  that 
certainly  belonged  to  the  genus  Pepsis,  but  which  is  entirely  faded,  so 
that  it  is  impossible  to  determine  the  species.  It  is  of  about  the  size 
of  Pepsis  luiaria.  Fab.  (Ammophila,  Kirby),  but  the  thorax  is  more 
slender,  and  the  abdomen  has  not  so  long  a  petiole,  whence  it  resembles 
the  American  and  particularly  the  African  species.  Crabros,  Scolias, 
Mutillas,  and  wasps,  I  have  not  found,  but  I  saw  a  small  form  of  bee, 
which  appears  to  belong  to  the  South  American  genus,  Trigona,  Lat. 
The  ants  are  the  most  numerous  in  this  order,  particularly  true  Formica 
and  MyrmiccB,  which  have  frequently  a  dose  resemblance  to  our  native 
ones.     The  majority  are  apterous  neuters,  which  have  fallen  into  the 
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fluid  resin  in  their  excursions.  I  have  also  observed  in  the  Greifswald 
collection  a  peculiar  form  of  ant,  which  I  consider  new,  as  it  appears 
to  be  no  longer  existing,  at  least  I  know  no  allied  form  among  the 
still  living  ones. 

Amber  Lepidopiera  are  amongst  the  greatest  rarities.  I  have  never 
seen  one  yet.  Berendt  mentions  a  large  Sphinx  in  his  collection,  and 
several  caterpillars,  which  also  have  never  occurred  to  me. 

The  Diptera,  on  the  contrary,  are  extremely  numerous,  and,  indeed, 
of  all  the  femilies.  Berendt  mentions  amber  Tabani  and  Bombylii,  none 
of  which  have  I  seen ;  whereas  in  the  Berlin  collection  there  is  an 
Anihrcue  of  the  size  of  our  A,  semiatra.  Besides,  I  there  saw  two  of 
the  genus  Leptis,  not  dissimilar  in  size  and  figure  to  the  L.  aurai4t, 
several  Empes,  and  several  species  of  the  genus  Tachydromia,  Besides, 
there  are  in  both  collections  innumerable  small  Muscaria^  and,  among 
the  larger  ones,  species  of  the  genera  Musca,  Anthomtfa,  Scaiophaga, 
&c.  I  observed  a  great  number  of  individuals  of  the  family  Dolicho- 
podea,  Bnd,  among  them,  the  genera  Doiichopus,  Medeterusj  Porphyrops^ 
and  Rhapkium.  Diptera  with  multiarticulate  antennae  are  even 
more  numerous,  especially  the  Bolilopkagi.  I  found  species  of  Bole- 
tophila,  Myceiophilay  Leia,  and  Sciara,  frequently  perfect,  and  with 
all  their  colours  preserved.  I  think  I  have  also  observed  Bibitu. 
True  TipultB  are  more  rarely  seen,  but  I  detected  one  resembling  the 
T.  pratetuis,  several  Limnobi<By  some  small,  like  L.  pulckeUa,  and 
others  larger.  There  is  also  an  abundance  of  gnats,  particularly 
species  of  Psychoda,  iMsiopiera,  Cecidomya,  CertUopogon,  even  some 
Tanypus  or  Chironomus,  but  a  true  Culex  I  have  never  discovered. 

Next  to  these  the  Neuroptera  are  probably  the  most  num^ous. 
Berendt  possesses  the  larva  of  a  Myrmecolean.  I  myself  have  seen 
but  a  small  HemerMus,  like  H.  hirtus  orfuscatuSf  a  Semblit  about 
the  size  of  S.  margiuaia,  as  well  as  a  larva  of  this  hmHj,  which  is  the 
more  remarkable,  as  they  all  live  in  water  ;  and  innumersble  Phiygane^ 
of  various  sizes. 

Among  the  Diciyotoptera  I  observed  two  individuals  of  the  genus 
Ephemera  in  the  Berlin  collection,  as  well  as  two  specimens  of 
Machilis  pclypoda.  According  to  Berendt,  LibellulcR  are  also  found 
in  amber.  The  most  numerous  of  this  order  are  the  Termite*  in  both 
collections.  I  saw  several  pieces  completely  filled  with  them.  The 
winged  ones  as  well  as  unwinged  larvse  and  neuters  with  lai^  heads 
are  found  in  it.  Germar's  Hemerobius  antiquua  is  a  true  7Vrm>7r#,  which 
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I  knotv  from  my  own  inspection  of  the  identical  piece  of  amber  in  tlie 
collection  at  Halle.  In  the  Orei&wald  collection  I  observed  two  distinct 
species  of  Psoci, 

In  the  order  of  the  Orihoptera,  the  Blatlarta  are  the  most  numerous. 
Berendt  assures  us  that  he  has  distinctly  detected  some  American 
forms;  those  which  I  saw  had  a  greater  resemblance  to  our  own 
native  Blatta  Germanica,  which  is  not  rare  in  woods.  To  these  we 
may  add  some  Achetie,  particularly  small  not  fully  developed  indi- 
viduals. The  Berlin  collection  possesses  a  piece  of  amber  with  an 
insect  of  this  ftunily,  that  is  distinguished  by  having  short  filiform 
antennae  composed  at  most  of  sixteen  joints,  gradually  increasing  in 
tize,  and  a  short  straight  ovipositor.  It  is  of  the  size  of  Forficula 
nkinar,  but  is  still  a  larva.  According  to  Berendt,  there  are  larger 
grasshoppers.  I  have  myself  only  seen  a  small  locust  in  the  Berlin 
collection. 

In  the  last  order,  the  Hemiptera,  we  frequently  observe  Cicada  pre- 
served in  amber,  for  example,  in  the  Berlin  collection  there  are  several 
specimens  of  a  Flata  allied  to  the  jF.  cunicularia.  In  Oreifiswald  I 
also  SAW  several  species  of  Jassus.  I  have  never  discovered  bugs,  but 
Berendt  and  Marcel  de  Serres  have  both  observed  them.  Even  a 
Nepa  the  former  found  enveloped  in  amber.  That  species  of  Chermes, 
Aphis  and  Coccus  would  necessarily  occur  in  amber,  might  be  absolutely 
supposed,  yet  have  I  never  fallen  upon  any  forms  belonging  to  these 
flEimilies. 

§317. 

Passing  hence  to  the  fossil  insects  that  have  been  discovered  in 
recent  formations,  we  will  first  mention  the  impressions  noticed  by 
Knorr*  in  the  CEnningen  calcareous  formations,  and  which  chiefly 
represent  the  larvae  of  Libellula  and  other  water-insects.  Impressions 
of  cockchafers  have  also  been  observed  in  them.  Van  der  Linden 
likewise  describes  a  Libellula  found  in  this  formation  f.  The  most 
complete  list  of  fossil  insects  has  been  given  by  Marcel  de  Serres,  in 
the  above  treatise.  According  to  him,  they  are  found  in  calcareous 
marl,  which  separates  the  several  strata  of  gypsum  in  the  quarries  of 

*  O.  W.  Knorr.  Lapiilea,  Diluvii  univen.  Testes,  &c.  Norimb.  1755..1773,  folio, 
Tol.  i.  p.  151,  PI.  XXXIII.  f.  2-4. 

f  Notice  sur  une  Empreinte  d'Insecte  renfcrm^'O  dans  un  Echantillon  de  Calcairc 
•chisteux.  Bniz.  1827.  4to.  ay.  f. 
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Aix,  in  Provence^  and^  consequently,  belong  to  a  still  more  recent 
formation.  They  are  accompanied  by  impressions  of  different  plants, 
but  never  by  fish,  the  impressions  of  which  are  also  found  in  distinct 
strata.  The  majority  of  the  insects  enclosed  by  this  marl  have  pre- 
served their  homy  integument,  and  mere  impressions  are  more  rardj 
found ;  but  their  colour  appears  to  be  gone,  as  they  are  of  a  uniform 
brown  or  black.  They  are  chiefly  such  insects  which  live  npon  a  dry 
sandy  or  clay  soil,  and  which  partly  still  are  found  in  the  vicinity  of 
Aiz,  as  Brachycerus  undatus,  Forficula  paraUela,  and  PenkUoma 
grisea.  The  list  given  by  the  above  author  includes  the  followii^ 
forms. 

1.  CoUoptera.  A  Harpalus  of  moderate  size;  a  Dyticus  also  of 
moderate  size;  a  small  Staphylinus ;  a  Melolontha,  remarkable  from 
its  deep  furrows  on  the  elytra ;  a  BupresUs  of  the  form  of  Trachys 
nana.  Fab. ;  several  Melanosoma,  among  which  one  like  Asida  grisea, 
also  a  Ckrysomela  like  C.  cerealis ;  two  species  of  CasMa,  one  like 
C.  viridis ;  many  bark-beetles;  one  Apate,  allied  to  A.  capucina;  an 
Htflurgus,  a  Scolytus,  and  a  Trogosila  like  T,  ceruUa  ;  lastly,  innu- 
merable Curculiog,  two  Brachyceri,  one  like  Br.  nudattu,  Dej.,  the 
other  like  Br.  algirus.  Fab.;  several  species  of  Cleonis,  one  like  Cleonis 
disiincta,  Larinus,  Germar  {Rhinobates,  Meig.) ;  several  MeUus,  the 
still  livix^  form  of  one  species ;  then  Hypera,  Naupadi,  one  like 
N.  lusitanicus,  Dej.,  and  one  Cionis,  like  C.  Scrophularim. 

2.  Hymenoptera,  Three  species  of  Tenlhredos,  one  smaller  than  T. 
viridis,  the  second  larger,  and  a  third  of  moderate  size ;  an  Ichneumon  ; 
an  Agathis,  hat, ;  two  Polisles,  one  species  like  P.  Gallica,  the  second 
like  P.  morio.  Fab.;  several  Formica,  some  larger,  some  smaller  like 
F.  subterranea. 

3.  Lepidopiera.  One  butterfly  of  the  genus  Satyrus,  from  the 
communication  of  another  party;  a  Zygana,  a  Bombyx,  perhaps  a 
Conus  of  moderate  size. 

4.  Diptera.  An  Empis  like  E.  teaselata,  a  Nemesirina  like  N. 
reticulata,  an  Oxycera  of  the  size  of  Stratiomys  chamaleon^  and  one 
allied  to  Xylophagus  ater  ;  a  Microdon  and  an  Ochthe^^a,  Of  Diptera 
with  multiarticulate  antennae,  there  are  several  Bibios,  two  Pentketrue, 
some  minute  Sciarm,  and  one  Platyura  like  P.  cingukUa, 

R.  Neuroptera  there  are  none. 

6.  Dictyotoptera.  Many  Libellults,  some  as  large  as  JEschna  grandU^ 
and  their  larvae  are  tolerably  abundant. 
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7-  Orthoptera.  One  Forficula,  like  F,  paraUela ;  several  Achet^, 
one  like  A.  italica,  Fab.>  one  like  A.  catnpestris,  a  third  very  small^  a 
small  GryUotalpa,  perhaps  the  larva  of  our  species ;  a  Xya,  lU.^  allied  to 
the  Xya  variegata^  111.;  a  GryUut,  like  GryUus  carulescensj  F, 

8.  Hemiptera.  Bugs  especially  of  several  genera,  for  instance,  two 
Pentatoma,  one  like  P.  grisea,  the  second  like  P.  oleracea ;  two 
apecies  of  CoreuSj  from  ten  to  twelve  different  species  of  Lyg€8us,  a 
small  Syriis,  F,,  three  species  of  Reduvius,  of  moderate  size,  a  very 
characteristic  species  of  Hydrometra,  P.,  a  small  Gerris,  Lat.,  a  Nepa 
smaller  than  N.  cinerea,  a  Cicada  like  Cicada  pUheja  {Tettigona 
pUheja,  Fab.)* 
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§  318. 

Taxonomy^  which  is  the  last  division  of  the  general  portion  of 
Entomology^  has  to  exhibit  the  means  whereby  the  large  host  of  insects 
may,  according  to  certain  principles,  be  classed  in  divisions  and  groups, 
and  also  the  connexion  of  these  groups  together.  The  necessity  of  this 
grouping  and  subdivision  is  not  so  evident  in  any  class  of  animals  as 
the  present,  as  the  number  of  their  different  forms  is  very  great,  and 
doubtlessly  greater  than  those  of  the  entire  vegetable  kingdom.  A 
computation  of  the  known  species  has  not  been  indeed  latterly  made, 
and  can  scarcely  be  so,  as  all  the  known  forms  are  nowhere  yet  brought 
together,  or  even  described,  yet  a  tolerable  result  may  be  deduced  by 
comparing  the  number  of  known  species  of  any  country  with  its 
indigenous  plants,  and  then  forming  a  comparative  computation  with 
that  of  all  known  plants.  There  are,  for  instance,  in  Germany, 
including  the  Cryptogamea,  at  most  6000  different  plants,  but  certainly 
more  than  12,000  insects,  so  that  if  this  proportion  be  constant,  which 
may  be  admitted,  the  number  of  known  insects,  according  to  the 
60 — 70,000  known  plants,  will  evidently  rise  to  120 — 140,000  species. 
If,  now,  in  concordance  with  the  estimation  of  the  latest  and  most 
successful  botanists,  we  say  that  about  one-third  of  the  collective  species 
of  plants  are  known,  then  the  number  of  insects  inhabiting  the  earth 
would  amount  to  from  360 — 420,000  species,  or,  in  round  numbers,  we 
may  say  400,000.  But  this  number  has  neither  been  collected  nor 
described.     Even  were  we  to  calculate  all  that  are  preserved  in  the  huge 
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museums  of  Paris,  London,  Berlin,  and  Vienna,  the  number  of  known 

• 

species  would  scarcely  extend  to  one-fourth  of  this.  M'Leay  and 
Latreille  consider  100,000  to  exist  already  in  cabinets,  yet  I  much 
doubt  whether  a  positive  calculation  of  them  would  give  so  many 
species.  Count  Dejean  in  Paris,  whose  collection  is  known  to  be  the 
richest  private  one,  calculates  the  number  of  his  beetles  at  21,000,  and 
in  the  Berlin  collection,  according  to  a  general  computation,  there  are 
about  28,000  beetles.  The  beetles  stand  in  proportion  to  all  the  other 
insects  in  the  ratio  of  two  to  three,  consequently  the  Berlin  Museum 
should  therefore  possess  about  TB^OOO  species,  a  number  which  is  not, 
however,  attained,  because,  as  every  one  knows  by  experience,  the 
beetles  are  more  anxiously  sought  by  travellers  than  the  other  insects. 
Hence  I  believe  the  number  of  known  species  in  collections  may  be 
considered  at  80,000,  which  is  certainly  not  too  few,  but  many  more 
would  not  certainly  be  found.  Of  these  there  may  be  36,000  beetles, 
12,000  Lepidcpiera,  12,000  Hymenoptera,  10,000  Dipiera,  4,000 
Hemipiera,  1,000  Orihaptera^  1,000  Neuroptera^  and  2,000  Dictyo^ 
ioptera,  including  the  parasitic  MaUophaga,  Taxonomy  instructs  us 
in  the  division,  determination,  and  the  description  of  these  species,  as 
well  as  furnishes  us  with  the  history  of  all  preceding  arrangements. 

§  319. 

Every  division  and  grouping  of  natural  bodies  has  for  object  the 
easier  survey  of  the  whole,  and  thus  to  facilitate  the  knowledge  of  all  by 
a  course  easier  than  the  study  of  the  separate  indiridnals.  Proceeding 
from  a  somewhat  different  point  of  view,  their  division  has  for  object  to 
render  the  discovery  of  any  indiridnal  more  easy  from  certain  deter- 
minate and  essential  characters,  and  this  caxi  be  attained  only  by  the 
arrangement  of  the  characteristic  marks  found  in  all  natural  bodies. 
We  thus  obtain  a  classification  which  commences  with  the  most  general 
characters,  whence,  proceeding  to  other  more  limited  characters,  the 
groups  are  formed,  which  must  be  strictly  exclusive,  if  the  utility  of 
the  subdivision  is  to  be  preserved.  By  means  of  such  generally- 
opposed  groups,  the  list  then  gradually  descends  to  the  lowest  of  all, 
the  species,  and  with  the  definition  of  which  its  purpose  is  fulfilled. 
We  call  a  dirision  made  upon  these  principles  artificial  or  an  artificial 
system,  yet  unjustly  so,  for  a  system  can  never  be  artificial,  but'  must 
be  necessary  and  natural.  A  second  point  of  view  proceeds  from  the 
idea  that  in  nature  there  is  a  concatenation  of  beings  in  every  direction, 
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and  it  seeks  in  their  arrangement  to  express  this  interlinking  in  their 
subdivision,  and,  thereby  to  produce  the  proof  of  the  correctness  of  the 
opinion.  It  thus  creates  a  system  which  therefore  must  be  natural, 
that  is  to  say,  such  as  appears  expressed  -in  nature  itself.  This 
system  can,  however,  only  be  constructed,  when  not  only  all  the  forms, 
but  also  all  the  ideas  which  express  themselves  in  these  forms,  are 
known,  and  when  it  is  seen  that  every  form  has  absolutely  a  thought  as 
its  foundation^  and  that  it  is  not  an  accidental  but  a  necessary  one. 
But  the  idea  to  which  the  study  of  natural  bodies  leads  is  their 
gradual  development,  to  exhibit  which  is  the  proposition  of  the 
systematist. 

Both  subdivisions,  for  the  system  is  also  a  subdivision,  have  this 
in  common,  that  they  form  groups,  the  members  of  which  possess 
certain  characters,  and  by  collecting  these  groups  t(^ther  by  means  of 
still  more  general  characters,  a  survey  of  the  entire  contents  is  effected. 
They  nevertheless  sometimes  lead  to  very  different  results,  by  separating 
a  division  that  connects  the  rest,  and  vice  versa.  But  system  has  the 
advantage  of  not  regarding  solitary  characters  only,  but  all  collectively, 
and  can  therefore  only  separate  and  connect  where  nature  itself  has 
marked  a  separation  and  connexion. 

§  320. 

The  methods  whereby  both  attain  the  goal  are  different,  for  artificial 
subdivision  proceeds  from  the  characters  of  the  last  group,  which  we 
generally  call  species,  and  collects  similar  species  under  one  commoa 
character,  and  thence  forms  the  genus;  the  characters  common  to 
genera  give  those  of  the  higher  groups,  the  orders  and  their  common 
characters  combine  to  form  those  of  the  classes.  It  depends,  there- 
fore, upon  every  classifier  how  far  he  will  proceed  in  separation 
and  subdivision.  Indeed,  much  difference  of  opinion  exists  upon  the 
determination  of  the  groups  between  the  species  and  the  order,  whence 
have  arisen  the  several  definitions  of  sub-genus,  genus,  and  tribe.  In 
fact,  opinions  will  never  harmonise  upon  the  claims  of  genera,  because 
no  universal  principle  for  the  structure  of  genera  in  an  artificial  sub- 
division can  be  given.  This  principle  is  in  itself  exceedingly  capricious* 
and  if  one  maintains  thus  far  a  genus  extends,  and  another  thus  hi, 
both  are  certainly  right,  if  only  every  group  whidi  they  distinguish  aa 
genera  are  distinguished  by  similar  and  exclusive  characters. 

The  natural  system,  the  object  of  which  is  to  discover  aiial<^ies  and 
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affinities,  does  not  proceed  from  characters,  but  from  the  idea  expressed 
in  each  group,  and  forms  from  these,  according  to  the  laws  of  thought, 
a  philosophical  structure.  It  is  requisite,  as  well  for  the  discovery  of 
the  conception  and  its  formation  into  an  idea,  as  for  the  constructing  of 
the  system,  to  be  thoroughly  acquainted  with  all  forms,  both  in  their 
external  and  internal  characters,  for  it  is  these  which  express  the  con- 
cealed idea :  when  these  ideas  are  found,  their  arrangement  offers  of 
itself,  if  we  but  keep  in  view  the  object  of  the  natural  system,  namely> 
the  discovery  of  analogies  and  affinities.  This  concealed  idea  is  properly 
the  true  character,  and  which  is  expressed  in  a  natural  group,  and 
so  distinguishes  it ;  if  we  have  the  idea,  the  character  is  conveyed 
with  it.  These  ideas  are  expressed  in  the  history  of  the  development, 
or  in  the  manner  in  which  the  individual  has  evolved  itself  from  its 
origin ;  then  in  the  form  and  composition  of  the  internal  organs ;  then 
in  the  figure,  structure,  and  number  of  its  external  organs ;  and,  lastly, 
in  its  functions,  both  external,  and  more  particularly  those  of  the 
internal  organs.  Where  there  is  a  resemblance  or  similarity  in  all 
these  relations,  there  is  found  a  perfect  affinity ;  but  where  only  some 
resemble  and  others  differ,  there  it  is  only  partial,  and  it  is  the  greater 
the  more  and  more  perfectly  the  several  determinate  causes  harmonise 
together.  We  hence  distinguish  several  kinds  of  affinity,  namely,  the 
following  * : — 

1 .  Oradational  affinity.  This  is  founded  upon  the  resemblance  of 
the  several  organs  in  the  grades  of  development,  for  example,  upon  a 
conformity  in  the  development  of  the  organs  of  the  mouth,  whether 
these  are  mandibulate  or  haustellate ;  upon  a  conformity  in  the  me- 
tamorphoses, &c.  Insects  which  present  these  resemblances  in  their 
organs,  and  the  development  of  these  organs,  are  brought  together 
in  the  same  group. 

2.  Parallel  affinity.  This  is  expressed  in  the  mutual  relation  of  the 
developed  forms  of  individual  organs  to  the  rest.  It  may  happen  that 
whilst  the  remaining  oi^ans  have  acquired  a  tolerably  equal  develop- 
ment, one  passes  through  several,  either  higher  or  lower,  forms  of 
development.     Thus  are  produced : 

a.  Changes  of  external  form  in  the  same  grades  of  organisation,  for 
instance,  beetles  with  elongate  proboscideal  mouths  imitate  the  mouths 

*  Sec  Schulz  natiirlicbM  Systoni  der  Pflanzenreichcs.    Berlin,  1832.  8vo.  p.  132,  &c 
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of  haustellate  insects,  although  their  oral  organs  are  formed  as  in  ail 
beetles. 

b.  Repetition  of  the  same  form  in  different  grades^  for  example,  a 
resemblance  between  genera  of  different  orders,  namely,  Tipula  and 
Bittactu,  Mantis  and  Mantispa,  &c. 

c.  A  change  of  form  in  individual  organs,  with  a  general  resemblance 
in  the  rest,  for  instance,  clavate  antennae  of  HeUmgia  among  the 
Ichneumonsy  filiform  antennae  in  Anthrihus  among  the  CurcuUoSf  &c. 

3.  Typical  affinity. — It  will  be  found  that  in  general  all  forms  and 
grades  of  organisation  in  a  natural  group  stand  in  a  certain  degree  of 
resemblance  to  each  other,  which  relation  is  considered  as  the  type  or 
characteristic  expression  of  the  group  ;  where  this  resemblance  is  found 
there  is  typical  affinity.     This  can  present  itself  as 

The  generic  type— if  the  species  of  a  genus  agree  in  fonn>  sculpture, 
and  colour. 

The  family  type,— if,  for  instance,  the  oral  organs,  antennae,  legs,  or 
the  entire  form  resemble  each  other  in  the  genera  of  a  family ;  and  as 

The  type  of  the  order--if  the  grades  of  metamorphoses  or  the  construc- 
tion of  the  body  evince  a  certain  conformity,  as  is  very  evidently  the 
case  in  the  Coleoptera, 

These  three  kinds  of  affinity  separate  and  connect  at  the  same  time 
the  several  groups.  Gradational  affinity  presents  the  characters  of  the 
classes,  orders,  and  higher  groups ;  typical  affinity  distinguishes  the 
natural  limits  of  the  lower  groups.  Parallel  affinity  again  connects  the 
several  groups  together.  Thus,  upon  the  similitude  and  dissimilitude 
of  all  the  qualities  and  characters  is  the  natural  system  founded. 

§  321. 

It  may  now  be  asked  what  course  does  the  natural  system  fiiUow  in 
the  consecutive  arrangement  of  the  groups  ?  In  reply  to  this,  we  can 
scarcely  say  more  than  that  it  arranges  the  groups  according  to  their 
affinities,  and  this  series  r^ulated  by  affinities  is  the  course  of  the 
system.  Nevertheless  we  can,  proceeding  from  the  essence  of  the 
natural  system,  characterise  its  course  dprioru  It  is  also  the  task  of 
the  natural  system  to  show  the  developments  which  a  group  has  passed 
through  from  its  simple  beginning  to  its  extreme  perfection.  These 
developments  are  shown  to  us  by  physiology,  and  therefore  every  natural 
system  must  proceed  upon  physiological  principles. 
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The  physiological  principles  whence  the  natural  system  proceeds 
are: — 

1.  That  the  entire  organisation  takes  its  origin  from  a  most  simple 
beginning,  whence  by  the  development  of  this  into  several  organs,  it 
elevates  itself  to  its  most  perfect  form.  This  development  exhibits  itself 
partly  in  the  internal  and  partly  in  the  external  organs,  and  almost 
throughout  presents  itself  in  antitheses,  for  instance,  insects  with  a 
metamorphosis  and  insects  without  a  metamorphosis ;  the  former  are 
again  divided  into  those  with  a  perfect  and  those  with  an  imperfect 
metamorphosis,  &c.  The  more  these  antitheses  are  divided  the  more 
do  they  seek  to  re-unite,  in  the  first  place,  to  preserve  their  original 
unity,  and  in  the  second  place  to  produce  a  new  antithesis,  as,  for 
instance,  both  groups  into  insects  with  haustellate  oral  organs  and  witli 
mandibulate  oral  orgaus,  each  of  which  again  strives  to  approach  the 
other.  Thus  lower  groups  with  individual  superior  organs  stand  oppo- 
site in  equal  value  to  the  lower  groups  of  the  superior  grades. 

2.  This  equivalent  value  produces  the  mutual  relations  of  the  groups, 
which  re-produces  their  more  intimate  concatenation. 

Thus  we  find  insects  with  an  imperfect  metamorphosis  possessing 
mandibulate  organs,  which,  from  their  second  degree  of  development, 
strive  to  rise  above  those  with  a  perfect  metamorphosis  and  haustellate 
oral  organs,  as,  for  instance,  the  Orthoptera  are  placed  by  the  majority 
of  systematists  above  the  Diptera  and  Lepidoptera,  which,  however,  is 
inadmissible,  from  their  imperfect  metamorphosis. 

3.  The  external  oi^anisation  can  attain  a  higher  grade,  while  the 
internal  remains  stfitionary,  and  thus  mark  the  prefiguration  of  a 
superior  group  in  one  that  is  inferior.  It  thence  happens  that  the  natural 
system  does  not  ascend  in  a  direct  line  from  the  most  simple  to  the 
most  complex  group,  but  sends  forth  on  all  sides  lateral  branches, 
which,  proceeding  from  a  lower  grade,  strive  to  attain  the  highest. 

According  to  these  principles,  which  we  have  thus  made  to  harmonise 
with  the  views  of  modern  systematists,  was  the  system  sketched  that 
we  formerly  published  *,  and  which  we  shall  have  an  opportunity  of 
presenting,  in  the  historical  survey  of  systems. 

Upon  passing  from  these  general  observations  upon  the  nature  and 
difiTerenoe  of  both  divisions  to  the  groups  characterised  in  both,  we 
shall  find  them  to  consist  of  the  following : — 

*  Dc  loBectorum  systcmate  naturali.     Hals,  1829.     8vo. 
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§  322. 

I.   Idba  of  Specibs. 

A  species  is  that  group  of  natural  bodies  which  agree  together  in  all 
their  essential,  unchangeable  characters.  The  idea  of  species  com- 
prises in  it  a  congruency,  that  is  to  say«  not  a  mere  conformity,  but 
also  a  resemblance  of  its  individuals. 

A  species  is  the  lowest  of  all  the  systematic  groups,  and  oonsequeotly 
the  most  fixed  and  conformable;  no  further  differences  are  observable 
amongst  its  individuals,  all  have  consisted  from  the  commencement  of 
this  form,  and  continue  so  by  the  propagation  of  new  and  congruent 
individuals.  Yet  differences  in  less  essential  characters  may  occur,  for 
example,  in  colour,  and  even  in  size,  and  such  forms  have  been  caUed 
varieties.  They  originate  from  accidental  circumstances,  which  cannot 
be  predicted.  Others,  which  have  been  called  subspecies,  exhibit  a 
greater  conformity  together,  but  which  differ  in  some  characters  from 
the  type  of  the  species,  and  these  differences  are  continued  through  aU 
subsequent  generations,  which  is  not  the  case  in  mere  varieties.  But 
they  yet  announce  themselves  as  true  individuals  of  the  species  by  a 
conformity  in  essential  unchangeable  characters,  and  therefore  cannot, 
notwithstanding  these  differences,  be  separated  from  it. 

§323. 

One  important  character  which  especially  identifies  the  sub-species 
with  the  species  is,  that  they  are  fertile  together.  This  is  a  very 
definite  character,  and  which  is  subjected  to  no  divarication ;  for  how- 
soever much  the  several  sub-species  of  Coccinella  variabilU,  111.,  differ 
from  each  other,  so  much  so  that  Fabricius  considered  them  as  forming 
several  species  (viz.  C  lO-punctcUay  C.  13'punciaia,  C  lO^pusiulata, 
&c.),  we  however  find  them  in  reciprocal  connexion,  and  there  is  con- 
sequently  no  doubt  that  they  are  all  one  species.  Truly  distinct  species 
never  regularly  *,  or  at  least  but  rarely,  intermix  in  a  state  of  nature, 
and  certainly  not  fruitfully,  although  bastards  {tpecies  hyhrida)^  that 
is,  new  intermediate  ones  originating  from  the  intercourse  of  two  species, 
produced  in  a  state  of  captivity,  or  in  a  state  of  life  differing  from  their 
original  natural  state,  is  not  rare  among  the  superior  animals.  In 
reference  to  this,  we  may  therefore  say  that  sub-species  and  varieties 

*  See  above,  §  292. 
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are  met  with  pre-eminently  among  such  insects  as  are  found  in  the  prox- 
imity of  mankind,  and  there  in  great  multitudes,  as,  for  example^  in 
the  recently  mentioned  Coccinelloy  in  the  cockchafer  (Hfeloiontha  vul^ 
garvi),  the  garden  chafer  (Anuoplia  horticola),  &c.  It  is  also  possible 
that  the  influence  the  universal  cultivation  of  the  country  has  had  upon 
even  the  nutrimental  plants,  has  extended  also  to  them,  and  has  united 
together  several  originally  distinct  species,  as  may  with  much  proba- 
bility be  asserted  of  the  sub-species  of  the  domestic  dog. 

§  324. 

Many  differences  of  sub-species  and  varieties  depend  also  upon  the 
nature  of  the  country  and  of  the  climate.  Several  of  our  recently 
established  species  have  originated  from  such  circumstances,  and  must 
therefore  be  re-arranged  with  their  original  species,  as  has  also  been 
occasionally  done  by  several  authors.  Carabus  arvensis,  F.,  for 
example,  is  found  not  so  much  in  fields  as  in  sub-alpine  situations,  and 
here  presents  itself  in  its  usual  form  ;  C.  pommeranusy  Oliv.,  a  native 
of  the  north  of  Germany,  is  one  of  these  sub-species,  which  is  distin- 
guished by  its  less  brilliant  colour  and  less  distinct  sculpture ;  C. 
HarcynUe,  St.,  also  is  a  sub-alpine  variety  of  the  C.  caienulalus,  F., 
which  is  found  in  the  woods  of  plains  ;  and  there  are  doubtlessly  many 
new  described  species  of  the  Carabodea  which  stand  in  the  same  rela* 
tion  to  old  and  long- known  ones. 

We  must  also  enumerate  with  the  sub-species  the  smaller  indivi- 
duals of  many  of  the  Lamellicorns,  which  have  long  been  separated  as 
true  species  under  a  distinct  name,  for  example,  the  smaller  variety  of 
Lucanus  cervus,  or  Z.  capreolus,  of  many  writers.  I  think  it  very 
possible  that  these  smaller  individuals  have  originated  from  a  deficiency 
of  food  or  of  a  less  nutritive  quality  in  the  larva  state  ^,  and  that  in 
the  larger  insects  this  variety  must  be  greater  than  in  the  smaller  ones, 
as  the  former  require  more  for  their  support,  and  are  more  exposed  to 
the  effects  of  temperature  than  the  latter,  the  duration  of  whose  lives 
besides  is  limited  in  general  to  one  year,  whereas  the  larger  ones  pass 
several  years  in  the  larva  state.  We  find  smaller,  and  indeed  some- 
times very  small,  individuals  of  almost  all  the  larger,  and  especially  of 
the  very  large  beetles ;  and  the  Lamellicoms  particularly  exhibit  this 
variety,  for  instance,   Oryctei  nasicomiSf    Scarabtsua    atercorarittSf 

*  This  idea  I  findsuggetted  alto  in  Meeker*  veTgleichenden  Anatomie,  torn.  i.  p.  835. 
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Typkaus,  and  many  exotic  species.  A  strikii^  instanoe  of  the  inflo- 
cnce  which  good  or  bad  nutriment  has  upon  the  development  of  the 
larva  is  exhibited  to  U9  in  the  practice  of  the  bees  rearing  queens  from 
the  larvs  of  the  neuters. 

These  facts  show  that  the  establishment  of  a  true  species  is  not  so 
easy  an  affair,  and  that  it  requires  very  comprehensive  tact.  Good 
specific  characters  however  may  be  derived  from  the  general  form,  the 
form  of  individual  parts,  especially  of  the  head  and  thorax,  the  sculp- 
ture or  markings  of  the  external  integument ;  after  which  the  size  and 
the  relative  proportions  of  different  parts  ;  and  lastly,  also  even  colour. 

The  specific  character,  or  sum  of  all  the  essential  characters  that 
define  the  species,  serves  for  the  distinction  of  a  species. 

§  325. 

II.  Idea  of  a  Genus. 

Above  the  species  stands  the  group,  which  has  been  called  the 
genus.  A  genus  is  composed  of  several  species,  which  agree  in  certain 
qualities  of  essential  parts  or  organs ;  its  idea  consequently  comprises 
that  of  conformity. 

This,  in  itself  correct  definition,  admits  however  of  a  variety  of  inter* 
pretations,  according  to  the  object  aimed  at  in  the  foundation  of  the 
system.  Artificial  classification  divides  where  it  observes  divarications 
and  differences  in  the  organs  adopted  as  the  basis  of  the  subdivision ; 
whereas  the  natural  system  regards  the  harmony  of  all  the  organs,  and 
only  forms  divisions  where  divarications  of  decided  importance  are 
observed  in  those  organs.  An  example  will  speedily  iUustrate  this. 
Fabricius,  whose  classification,  founded  upon  the  oral  organs,  is  evi- 
dently artificial,  divided  the  Chrysomelina,  according  to  the  structure 
of  the  parts  of  their  mouths,  into  several  genera,  and  referred  to  these 
genera  all  those  leaping  beetles  which  Geoffrey  and  llliger  united  in 
the  one  genus  HaUica,  according  as  the  parts  of  the  mouth,  or  even 
merely  the  external  form,  appeared  to  agree  with  the  characters  of  this 
or  that  family ;  the  most  prominent  character,  that  of  leaping,  he  left 
quite  unnoticed,  keeping  merely  the  principles  of  his  system  in  view. 
Latterly,  however,  and  even  indeed  formerly,  as  soon  as  it  was  wished 
to  form  natural  genera,  the  greatest  attention  has  been  paid,  and  justly, 
to  this  power  of  leaping,  and  it  has  consequently  been  considered  as 
the  chief  characters  of  these  creatures,  and  indeed  they  appear  to  be 
particularly  distinguished  by  it. 
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§  326. 

The  method  whereby  we  jiass  through  several  qualities  and  characters 
which  constitute  groups,  down  to  the  genus,  is  analytic  The  last 
group  before  the  species  is  generally  considered  the  genus.  But  it  is 
possible  that  one  or  the  other  of  such  determinate  genera  may  be  still 
further  subdivided  by  divarications  in  isolated  characters :  are  now  such 
groups  to  be  raised  to  positive  genera  ?  In  general  this  must  be  nega- 
tived, for  as  the  higher  groups  were  defined  by  the  simultaneous 
differences  of  all  the  organs,  and  the  peculiarities  deduced  from  them, 
so  must  the  genera  of  a  flEunily,  besides  a  decided  difference  in  the 
generic  characters,  exhibit  likewise  a  general  transformation  in  shape. 
If  this  be  not  the  case  the  genera  will  necessarily  be  of  unequal  value, 
and  it  will  therefore  never  be  possible  to  settle  the  contest  upon  the 
generic  rights  of  any  determinate  group.  Every  discussion  and  dis- 
pute upon  any  subject  rests  upon  principles ;  if  upon  these  a  difference 
of  opinion  prevails  all  further  argument  is  useless,  and  no  satisfactory 
result  can  ever  be  obtained  until  one  of  the  contesting  parties  can  be 
convinced  of  the  falseness  of  their  principles. 

§  327. 

In  the  tlmoture  of  new  genera  there  are  two  wrong  roads  to  be 
avoided ;  the  one  is  too  circumstantial  a  dividing,  and  the  other  is  tlie 
unnatural  connexion  of  absolutely  different  groups. 

The  first  is  most  easily  followed,  when,  upon  the  increase  of  the 
number  of  the  species  of  a  genus,  the  survey  of  the  whole  is  rendered 
difficult.  Hence  has  proceeded  in  modem  times  the  host  of  genera 
which  are  in  general  deficient  in  all  fixed  characters,  and  are  frequently 
exceedingly  superficial,  being  constructed  merely  from  the  external 
form  and  genial  impression.  A  distinction*  as,  for  instance,  that 
which  has  been  used  for  the  separation  of  Ophonus  and  Harpalus, 
namely,  the  deeper  punctures  of  the  superficies  in  the  former,  whereas 
in  the  latter  it  is  smooth,  must  indeed  be  regarded  when  it  is  extensive  \ 
but  it  never  justifies  the  construction  of  a  genus,  and  can  at  most  serve 
for  a  subdivision  of  the  species  within  the  limits  of  the  genus.  Another 
instance  is  exhibited  likewise  in  the  same  fEuoaily,  namely,  the  Cava-- 
bodea,  in  the  genus  Feronia,  the  former  subdivision  of  which  into  dis- 
tinct genera  was  founded  chiefly  upon  the  form  of  the  prothorax,  and 
which  modern  writers  have  very  justly,  from  its  being  untenable,  re- 
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united  into  one  genus.  If,  for  example,  genera  might  be  formed  from 
mere  outline,  we  might  readily  form  new  genera  in  the  large  fomily  of 
the  Elaterodea,  firom  the  figure  of  the  prothorax,  which  would  be 
equally  inadmissible.  There  are,  in  foct,  among  the  Elaiers,  as  wdl 
as  among  their  close  allies  the  Buprestes,  several  natural  genera,  but 
we  much  doubt  whether  the  many  genera  of  Elaters  recently  con- 
structed by  Eschscholz  *,  from  the  form  of  the  tarsal  joints,  may  be 
considered  as  natural. 

§  328. 

The  second  by-^vay  we  find  to  have  been  pursued  chiefiy  by  the 
older  entomologists ;  but  it  originated  in  the  nature  of  the  tlnng  when 
but  few  species  were  known,  and  thence  their  fomily  characters  were 
adopted  as  generic  characters.  Thus  all  the  Linnsean,  and  many  of 
the  Fabrician  genera  have  become  families,  and  the  divarications 
they  were  either  not  acquainted  with,  or  did  not  regard^  have  nevtf 
supplied  the  characters  of  genera. 

§  329. 

It  may  be  asked  how  are  these  by-ways  to  be  avoided  ? 

It  has  often  been  considered  that  exactitude  and  acuteness  were  the 
qualities  that  gave  a  right  to  found  genera.  Indeed,  every  naturalist 
who  is  deficient  in  these  qualifications  will  vainly  endeavour  to 
form  new  genera,  and  never  produce  anything  useful :  but,  on  the 
opposite  side,  is  every  considerate  and  acute  observer  competent  to 
found  new  true  genera  }  We  should  even  here  doubt  constant  success. 
A  judicious  eye  corrected  by  experience,  an  equally  secure  feeling  of 
the  value  of  the  discovered  differences,  as  well  as  the  conviction  that 
only  natural  genera  may  be  admitted,  are  the  qualifications  that  com- 
bine to  form  the  happy  talent  in  which  we  may  repose  unoonditiooal 
confidence  in  the  formation  of  genera.  This  talent,  which,  by  the 
exercise  of  years,  may  be  extraordinarily  increased,  was  especially  and 
distinctly  exhibited  in  Fabricius  and  Uliger,  but  in  the  former  it 
decreased  with  increasing  age,  whence  many  of  the  genera  he  last  con- 
structed are  devoid  of  naturalness ;  whereas  Illiger  rejoiced  in  its  com- 
plete perfection  throughout  the  whole  of  his  indeed  short  but  very  active 
career.     This  happy  talent^  or,  as  it  may  be  called,  judidous  tact,  is 

*  Sec  Thorn *8  Archiv.,  vol.  ii.  part  i.  p.  31.  &c. 
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never  doubtful  of  the  characters  requisite  to  the  formation  of  a  genus. 
Fabricius  could  not  have  made  a  better  choice  for  the  determination  of 
genera  than  of  characters  deduced  from  the  oral  organs  and  the  antennie, 
as  these  organs  are  of  the  greatest  importance  to  the  existence  of  tl\e 
insect,  both  for  procuring  its  nutriment  and  in  its  economy.  Their 
structure  is  r^ulated  by  the  former^  and  they  instruct  us  upon  the 
latter.  If,  indeed,  much  may  be  said  against  this  selection,  from  the 
difficulty  of  their  investigation  and  observation,  yet  it  affords  no  suffi- 
cient ground  entirely  to  reject  them.  Industry  and  patience  overcome 
much,  and  the  excellent  labours  of  many  modern  entomologists,  for 
instance,  of  Savigny,  prove  that  a  new  era  in  the  history  of  entomology 
may  be  dated  fit)m  his  comparative  representation  of  the  oral  organs, 
and  especially  from  his  inquiries  into  the  mouth  of  the  Lepidoptera  *. 

When  such  an  important  point  is  discovered  the  definition  of  the  genus 
is  no  longer  difficult ;  it  is  only  necessary  to  inspect,  if  the  other  parts 
of  the  body  present  the  same  differences  as  the  organs  of  the  mouth ;  if 
this  be  the  case  the  genus  is  natural,  if  not  it  is  artificial  and  super- 
fluous. This  is  likewise  the  case  in  the  introduction  of  the  neuration 
of  the  wing  for  the  determination  of  genera.  In  many  families  the 
divarication  is  in  such  close  connexion  with  the  structure  of  the  entire 
body  that  a  mere  view  of  the  wing  suffices  to  show  us  the  difference  of 
genera ;  but  this  is  often  not  the  case,  and  to  separate  the  genus  RhatH' 
phomifia,  Meig.,  from  Empis,  because  it  has  one  nervure  less  at  the 
apex  of  the  wing,  is  very  artificial,  and  cannot  consist  with  the  prin- 
ciples of  a  natural  system.  These  differences  can  only  be  used  to 
characterise  the  divisions  within  the  boundaries  of  a  genus,  ftnd  thus 
to  facilitate  the  discovery  of  a  species  among  a  multitude,  as  Meigen 
himself  has  done  in  the  genus  Limnobia ;  but  the  divarication  in  the 
neuration  of  the  wing  cannot  be  raised  to  the  character  of  a  true  genus. 
But  let  all  entomologists  who  occupy  themselves  with  the  formation  of 
new  genera  remember  the  dogma  of  Linnaeus, — ''  It  is  not  the  cha- 
racter which  forms  the  genus,  but  the  genus,  constructed  by  nature, 
brings  forth  the  character." 

§  330. 
Little  that  is  universally  applicable  can  be  said  upon  the  value  of  cer- 
tain organs  for  the  determination  of  genera,  for  even  the  oral  organs  are 

*  See  hit  M^oirmsor  les  Animaaz  sans  VertebreB.  Paris.  IB  16.  8to.,  with  figuret^ 
Tol.  i. 
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sometimes  exactly  fdike  io  traly  different  genera;  bat  the  stability  of 
genera  depends  in  many  instances  mach  more  upon  the  jadidoas 
balancing  of  all  the  parts  of  the  body,  and  their  differences,  in  which 
case  it  is  only  the  above  mentioned  happy  tact  that  can  securely 
guide  the  observer.  For,  however  fixed  the  number  of  the  joints  in 
the  antennae,  for  example,  may  be  in  certain  femilies,  yet  instances 
occur  in  which  they  are  subjected  to  much  variety.  The  genus  Cimbex 
is  a  case  in  point,  the  antennae  of  which  consists  sometimes  of  six, 
sometimes  of  seven  joints^  of  which  sometimes  one,  or  two«  or  three  of 
them  are  swollen  into  a  knob.  If  we  compare  with  this  the  number 
of  the  joints  in  the  antennae  in  the  whole  fiEonily  of  the  saw-flies,  we 
shall  speedily  perceive  that  genera  formed  merely  from  the  number  of 
those  joints  cannot  absolutely  be  considered  as  natural.  This  number 
is  still  more  variable  in  the  genus  Forficuia,  in  which  almost  every 
species  has  a  different  number^  and  which  likewise  is  not  even  uniform 
in  the  individuals  of  the  same  species ;  and  yet  Leach  has  formed  dis- 
tinct genera  founded  on  these  differences. 

The  sum  of  the  characters  adopted  for  the  definition  of  the  genus  fbnns 
the  generic  character,  which  is  either  natural  when  deduced  from  all 
the  organs,  or  artificial  when  it  merely  refers  to  the  characters  admitted 
as  the  basis  of  the  classification.  This  again  constitutes  the  essential 
character  when  it  merely  cites  the  distinguishing  marks  of  the  genus. 
The  generic  description  refers  neither  to  the  natural  nor  to  the  artificial 
generic  character,  but  presents  the  entire  form,  even  to  its  most  minate 
divarications;  it  is,  as  it  were,  a  figure  in  words,  whereas  the  characters 
depict  in  words  particular  organs  only. 

ill.  Idka  of  the  Supsrior  Groups. 

§  332. 

It  is  from  characters  of  greater  generality,  especially  fixim  resem- 
blances in  form,  or  the  similar  structure  of  certain  parts,  as  the  feet, 
wings,  &c,,  which  yield  no  generic  characters,  that  the  genera  group 
themselves  into  superior  divisions.  This  grouping  must  follow  the 
principles  adopted  in  characterising  genera,  if  no  violence  is  to  be  done 
to  nature.  We  must  here  also  strive  for  an  equality  of  value  in  the 
groups  formed. 
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The  divisioii  immediately  above  a  genus  is  usually  called  a  &mily 
It  is  peculiar  to  the  natural  system,  and  by  this  only  is  it  called  forth 
Linnaeus  and  Fabriciusj  who  formed  artificial  classifications,  had  no 
fiunilies. 

The  characters  which  distinguish  the  families  are  derived  not  only 
£rom  their  resemblances  in  structure  in  general,  but  also  frequently 
from  their  economy.  Thus  the  allied  fiamilies  of  the  Carabodea  and 
Hydrocaniharides,  which  both  live  upon  prey,  are  distinguished,  as 
well  from  their  dwelling-place,  and  a  very  definite  and  easily  recog- 
nisable form  of  the  body,  and  also  by  a  very  marked  difference  in  the 
structure  of  their  posterior  legs,  whereas  the  organs  of  the  mouth  and 
the  antennae  agree  in  the  types.  Were  we  to  deduce  the  characters  of 
fiunilies  from  such  relations,  it  could  be  defined  only  as  one  of  resent, 
blance ;  in  the  similar  structure  of  certain  parts  in  several  genera  lie 
the  characters  of  a  family. 

§333. 

We  sometimes  also  remark  within  the  boundaries  of  a  family,  espe* 
eially  of  a  very  comprehensive  one,  subdivisions,  which  bear  the  same 
relation  to  the  families  as  do  the  subdivisions  of  a  genos  to  the  latter. 
Such  groups  have  been  indeed  called  sub-families.  They  are  as  useful 
for  the  easier  discovery  of  the  genera,  as  the  former  for  facilitating  the 
discovery  of  the  species,  and  they  are  therefore  more  artificial  than  natural 
groups.  But  it  depends  much  upon  their  mode  of  division,  for  this 
does  not  admit  of  being  said  of  the  sub-families  of  the  large  fiunily  of 
the  Ichneumonodea,  and  as  little  of  many  others.  For  the  sake  of  an 
example,  we  may  be  allowed  to  state  that  those  three  sub-families  differ 
in  the  structure  of  their  palpi.  The  genuine  Ichneumonodea  have  five- 
jointed  maxillary  palpi,  and  four-jointed  labial  palpi ;  the  Braconodea 
five-jointed  maxillary  and  three-jointed  labial  palpi ;  the  Baxaina  six- 
jointed  maxillary  and  four-jointed  labial  palpi.  Similar  groups,  founded 
upon  analogous  relations,  are  found  in  the  families  of  the  Carabodea, 
LameUicornia^  Rhynchophora,  Vespacea,  Apiaria,  Mutcaria,  &c. 

§  334. 

The  chief  group  above  the  family  is  the  order ;  it  does  not  so  much 
depend  upon  a  similarity  of  individual  parts,  as  upon  the  entire  body, 
for  instance,  whether  the  thorax  be  divided  in  its  three  segments,  or 
whether  these  are  closely  jointed  tc^ther ;  upon  the  form  and  structure 
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of  the  larva ;  upon  the  type  upon  which  the  oral  organs  are  formed,  whe- 
ther mandibulate  or  haustellate ;  or  upon  the  fundamental  form  in  the 
structure  of  the  wings.  All  these  relations,  indeed,  produce  an  external 
resemblance,  but  these  resemblances  are  the  result  of  physiological 
divarications.  The  orders  are  properly  ftunilies  of  greater  compass, 
yet  with  the  distinction  that  the  family  characters  are  founded  upon 
a  similarity  of  form  of  individual  limbs,  as  the  feet>  antenns ;  whereas 
the  characters  of  orders  are  derived  from  a  similarity  of  form  of  the 
body. 

There  are  likewise  other  subdivisions  between  an  order  and  its 
families,  as  between  a  family  and  its  genera,  which  have  been  called 
sub-orders,  or  tribes.  The  characters  of  such  groups  generally  consist 
in  the  different  form  of  a  certain  organ,  but  which  differences,  from 
their  wider  distribution,  admit  neither  of  being  applied  to  family  divi- 
sions nor  to  generic  divisions.  Thus  the  Coleoptera  are  divided  into  tribes 
from  the  number  of  their  tarsal  joints,  the  Diptera  according  to  the 
number  of  the  joints  of  the  antennae,  the  Hymenopiera  according  to  the 
structure  of  the  sting,  &c.  Yet  such  tribes  are  more  arti6cial  than 
natural,  which  admits  of  being  demonstrated  in  the  three  examples 
cited ;  they  can  merely  serve  to  facilitate  finding  the  families,  and  are 
not  to  be  considered  as  natural  groups. 

§  335. 

The  classes,  lastly,  are  the  highest  groups  of  animals ;  which,  like 
the  orders,  are  founded  upon  the  differences  of  an  otherwise  uniform 
grade  of  structure,  and  consequently  repose  upon  the  differences  of  the 
grades  of  organisation.  An  equal  structure  and  form  of  the  organic 
systems  and  the  thence  produced  very  general  conformity  of  external 
figurct  a  similarity  of  periods  of  development,  and  other  similar  rela- 
tions are  the  characters  which  justify  the  formation  of  classes.  All 
insects  collectively  form  one  class,  in  as  fiur  as  they  actually  agree  with 
each  other  in  the  above  characters. 

The  objects  forming  classes  consequently  neither  require  to  be  con- 
gruent nor  equal,  nor  even  externally  to  resemble  each  other,  as  these 
qualities  are  deduced  from  a  conformity  of  external  figure,  but  diey  mast 
all,  physiologically -considered,  be  of  equal  value;  they  must  all,  to 
make  use  of  a  mathematical  illustration,  be  pure  geometrical  inconstant 
magnitudes,  and  not  at  the  same  time  likewise  algebraical  constant 
magnitudes,  both  of -which  are  virtually  different. 
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§   336. 

Some  naturalists  admit,  and  certainly  correctly,  still  further  divi- 
sions, which  comprise  several  classes,  but  which  have  no  name.  They 
also  are  founded  upon  similarities  in  the  structure  of  the  organs  and  of 
the  organic  system.  The  four  above  explained  (§  88)  organic  systems, 
stand  in  three  different  relations  to  each  other ;  namely,  in  the  first 
group  they  retain  their  vegetable  character,  with  the  mere  addition  of 
the  animal  character  of  voluntary  motion ;  in  the  second  and  third 
groups  the  animal  character  predominates ;  so  that  in  the  second, 
motion,  and  in  the  third,  sensation,  are  especially  developed.  We 
thus  obtain  the  chief  types  under  which  all  animal  forms  may  be 
arranged. 


SECOND  CHAPTER. 

HISTORY    OF    THE    CHIEF    ENTOMOLOGICAL 
CLASSIFICATIONS  AND  SYSTEMS. 


§337. 

Thb  earliest  essay  to  group  animals  in  general,  and  consequently  in- 
sects, is  that  of  Aristotle  (about  330  B.  C).  In  his  works,  one  of  which 
is  exclusively  devoted  to  Zoology,  he  indeed  nowhere  gives  a  complete 
system  of  animals ;  but  from  hints  here  and  there  expressed,  it  appears 
that  he  separated  the  Crustacea  as  a  particular  group  (MaXajoWpcuca) 
from  other  insects  (^Ej^to/mx).  A  further  division  of  insects  is  deduced 
from  their  wings,  and  from  their  presence  or  absence  they  fisdl  into 
^EtfTOfia  irnXwra  and  *EpTOfia  Unrtpa ;  both  again  consist  of  several 
groups*  which  are  partly  perfectly  natural.  The  divisions  of  Aristotle 
are  in  general  so  successfully  made,  that  we  are  perfectly  astonished  at 
his  vast  genius,  wliich  whithersoever  it  directed  itself,  always  found  the 
right,  and  he  maintained  in  everything  he  attempted  an  equal  greatnesa. 

The  labours  of  his  successors  are  very  different.  Pliny's  ''  Natural 
History  "  is  merely  a  systematised  Encydopaedia,  in  which  all  those 
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works  are  abridged  that  the  author  had  read  in  tlie  course  of  a  life 
devoted  to  science^  and  which  was  sacrificed  in  the  contemplation  of  a 
magnificent  natural  phenomenon.  Much  is  therefore  collected  without 
any  criticism ;  what  was  new  was  not  at  all  introduced^  and  the  old 
frequently  distorted  by  the  mode  of  communication. 

Mian's  ''  Natural  History  of  Animals "  properly  contains  merely 
anecdotes  and  characteristic  features  of  individual  animals,  and  no 
zoological  description,  and  may  be  therefore  merely  noticed. 

§  338. 

Since  Aristotle,  nothing  of  any  consequence,  either  in  antiquity  cr 
in  the  middle  ages,  was  done  fiir  the  natunl  history  of  animals ;  so 
that  we  leap  over  a  space  of  more  than  1800  years,  and  with  Conrad 
Gesner  re-commence  our  historical  detail. 

He,  a  poor  but  industrious  Swiss  (bom  in  1516),  collected  every- 
thing that  was  known  relative  to  the  history  of  animals ;  he  filled  up 
many  gaps  by  his  personal  observations,  and  thus  filled  five  large  folios 
with  merely  the  natural  history  of  the  vertebrata.  Before  he  reached 
insects,  death  carried  him  off  (1558).  His  posthumous  papers  upon 
this  subject  fell  into  the  hands  of  the  well-known  Joachim  Kamerarius, 
of  whom  they  were  purchased  by  an  Englishman,  Dr.  E.  Wotton, 
who  sent  them  to  Thomas  Penn,  in  London,  to  be  published ;  he^  how- 
ever, did  not  fulfil  the  commission,  but  these  papers  fell,  when  he  died, 
into  the  hands  of  Thomas  Moufet,  who  incorporated  them  with  his 
"  Theatro  Insectorum^"  and  they  were  thus  imparted  to  the  world 
about  a  century  after  their  origin  (1634). 

Oesner  is  justly  considered  as  the  restorer  of  natural  history ;  it  was 
by  means  of  his  extraordinary  industry  that  long  lost  treasures  were 
again  made  known  to  that  age,  which  was  thus  stimulated  to  furtlier 
researches ;  had  he  not  existed  the  world  would  doubtlessly  have  still 
much  longer  slept. 

His  influence,  however,  did  not  so  much  exhibit  itself  in  the  natural 
history  of  insects  from  the  above  causes,  and  it  was  still  several  lustres 
before  they  were  independently  and  satis&ctorily  elaborated. 

Ulysses  Aldrovandus  was  the  first  who  took  notice  of  these  fbrgotteo 
creatures,  and  described  them  and  their  natural  history  in  seven 
books.  We  here  find  the  first  division  of  insects  into  land  and  water 
dweUerSj  two  chief  groups,  which  were  still  further  divided  aooording 
to  the  structure  of  their  legs  and  wings. 
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After  a  commencement  was  thus  made  to  the  study  of  entomology 
several  amateurs  speedily  collected.  The  imperial  court  painter,  Hoef- 
nagel,  figured  insects  very  beautifully ;  Franciscus  Redi  observed  their 
origin  and  propagation ;  M.  Malpighi  made  a  masterly  dissection  of 
the  silkworm ;  and  Swammerdamm^  lastly,  investigated  insects  in  the 
several  stages  of  their  existence,  and  formed  the  first  essay  towards  a 
natural  system.    His  arrangement  of  insects  was  this : — 

I.  Insects  without  a  metamorphosis. 

They,  indeed,  change  skin,  but  retain  their  original  form.  Spiders, 
lice,  woodlice,  and  Myriapodee, 

II.  Insects  with  a  metamorphosis. 

1-  The  creature  moves  throughput  all  the  stages  of  its  existence: 
in  the  first  it  is  wingless,  in  the  second  (pupa)  it  obtains 
the  rudiments  of  wings,  and  in  the  third  entire  wings. 
Here  are  arranged  the  Neuroptera,  Ortkoptera^  and  Hemiptera, 
but  he  did  not  separate  them  into  distinct  groups. 

2.  The  creature,  in  its  central  grade  of  development,  is  motionless, 

but  has  limbs. 
Here  the  Hymenoptera,  Coleopteroy  and  as  appendix,  the  Lepi- 
doptera, 

3.  In  its  central  stage  of  development  the  creature  has  neither 

motion  nor  wings,  but  appears  as  an  ovate  pupa. 
Here  the  Dipiera. 

In  the  author's  Book  of  Nature,  "  Biblia  Natune,"  which  was  pub- 
lished after  his  death,  which  took  place  in  1685,  this  system  was 
illustrated  with  examples,  and  the  anatomy  of  insects  especially  is 
admirably  presented. 

The  now  increasing  writers  upon  entomology  offered  each  his  own 
arrangement,  and  according  to  which  their  subject  was  presented,  but 
system  still  remained  subordinate  to  observation.  Thus  Joh.  Goedart 
wrote  upon  the  metamorphosis.  Sybilla  Merian  observed  the  deve- 
lopment of  the  Lepidoptera,  and,  ftom  affection  to  the  science,  went 
herself  to  Surinam,  to  continue  there  her  observations.  Ant.  von 
Leuwenhoek  made  microscopic  experiments ;  and  Antonio  Vallisnieri 
pursued  the  path  trodden  by  his  predecessors,  of  describing  the  meta- 
morphoses of  insects :  works  which  are  still  worthy  of  regard  as  well 
as  of  emulation. 
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§  339. 

The  first  tme  systematist  was  an  Englishman^  John  Ray ;  the  fol- 
lowing is  the  arrangement  published  by  him  in  his  ''  Method.  Insecto- 
rum."  Lond.  1705,  8vo. 

I.  Ametamorphata  (insects  without  a  transformation). 

1.  Apoda  (annulate  worms). 
a,   Terrestria. 

h.  Aquatica, 

2.  Pedata, 

a,  Hexapoda, 

a.  Terrestria  (lice). 
/3.  Aquatica, 

b,  Octopoda  (spiders). 

c,  Quatuordecempoda  (lobsters  and  crabs). 

d,  Polypoda, 

a.  Terrestria  (centipedes,  woodlice). 

/3.  Aquatica  (Ampkipoda  and  Isopada,  Lat.). 

II.  Metamorphota  (insects  with  transformation). 

1.  Larvis  et  pupis  agUibus  (Orthoptera,  Hemipiera)  . 

2.  Pupa  imtnobili, 

a.  Coleoptera  (beetles). 

b.  Aneloptera. 

a.  Alisjarinaceii  {Lepidoptera), 
p.  Alts  membranaceis. 

t  Diptera,  bipennia  (flies). 

tt  Tetraptera,  quadripennia  (Jlymenoptera), 

III.  Metamorphosi  simplid  e  vermiculo   in  animalculum  volatici, 

tnterposita  aliqua  quiete  (dragon- flies). 
A  posthumous  manuscript  of  his,  containing  a  detailed  history  of 
insects,  Martin  Lister  published  after  Ray's  death  (1707)^  At  the 
command  of  the  Royal  Society  of  London  (Historia  Insectonun,  ed. 
M.  Lister.  Lond.  1710-11),  and  at  the  same  time  appeared  a  new 
classification,  which  we  will  also  subjoin.     It  is  the  following : 
I.  Insecta  ex  ovis  sph^gricis,  qu<B  nuUam  subeunt  metamorphosim, 
a.  Pedibus  senis  (lice). 
6.  Pedibus  octonis  (spiders). 

c.  Pedibus  plurimis  (crabs,  wood-lice^  centipedes). 

d.  Pedibus  nuUis  (worms). 
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li.  Insecia  esovU  longiusculis,  qua  metamorphosim  subeunL 

a.  Coleaptera, 

b.  AneUftra. 

a.  Pennis  quatuor  nudis, 

/3.  Pennis  quatuor  Jarinaceis. 

y.  Pennis  duabus. 
This  arrangement  is  in  fact  nothing  more  than  a  mere  modification 
of  that  already  given  by  Ray,  and  only  differs  in  that  its  author  has 
brought  Ray's  third  chief  group  under  the  second,  and  unites  it  with 
the  Anelytris  pennis  quatuor  nudis. 

§  340. 

From  Ray  to  Linnaeus,  nothing  extraordinary  took  place  for  the 
arrangement  of  insects.  But  when  this  master  of  natural  history 
published  his  System  of  Nature,  in  the  year  1 735,  in  three  fulio  sheets, 
in  which  he  gave  a  complete  survey  of  all  the  then  known  groups  of 
animal  bodies,  insects  also  were  placed  by  him  in  a  new  order,  which 
he  skilfuUy  determined  according  to  the  form  and  structure  of  their 
wings.     The  following  is  his  division. 

The  fifth  class  of  his  animal  system,  which  comprises  those  with  a 
simple  heart,  white  blood,  and  jointed  antennas,  contains  within  it  all 
the  insects  and  Crustacea,  Both  together,  therefore,  form  a  single 
chief  group  {Insecta)^  which  is  thus  subdivided  : 

I.  Insects  with  four  wings. 

1*  The  anterior  ones  homy.     1 .  Coleoptera, 

2.  The  anterior  ones  half  homy  and  half  membranous.    2.  Hemi- 

ptera, 

3.  The  anterior  and  posterior  membranous. 

a.  All  covered  with  scales.    3.  Lepidoptera, 
h.  All  naked.    The  nervures. 

a.  Reticulated.     4.  Neuroptera. 

/3.  Ramose.     5.  Hymenoptera, 

II.  Insects  with  two  wings.     6.  Diptera. 

III.  Insects  without  wings.     7*  Aptera, 

1.  With  six  feet  (louse,  flea,  and  some  others). 

2.  With  more  than  six  feet. 

a.  Head  connected  with  the  thorax  (spiders,  crabs,  &c.). 

b.  Head  free  (centipedes,  wood-lice,  &c.). 

It  is  not  to  be  denied  that  by  this  arrangement  many  natural,  and 
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therefore^  very  constant  groups^  were  formed,  but,  8  often  the  case, 
when,  in  the  arrangement  of  natural  bodies,  only  one  principle  of 
division  is  adopted,  others  comprise,  in  every  instance,  very  different 
animals.  This  deficiency  must  necessarily  be  recognised  upon  con- 
tinued inspection,  and,  therefore,  an  anxiety  must  exist  to  remove 
it  as  much  as  possible.  Above  all,  the  order  of  the  Hemiptera  is 
subject  to  many  objections,  for,  in  the  first  place,  the  character 
attributed  to  it  is  not  found  in  many  of  its  members^  for  instance, 
in  many  Cicada,  the  Aphides,  the  genus  Chermes,  &c.,  as  they  po»- 
sess  four  perfectly  membranous  wings,  and^  secondly,  there  are 
insects  united  in  it,  whidi  exhibit  the  greatest  differences  in  their  oral 
organs. 

These  circumstances  caused  the  next  systematist  after  Linnaeus, 
who  was  also  a  Swede,  namely,  De  Oeer,  to  separate  the  Linnaean 
Hemiptera  into  several  equivalent  groups,  as  well  as  to  the  adoption  of 
a  new  system,  which  is  the  following : 

I.  Insects  with  wings.     Alata, 
A.  Gymnoptera, 

1.  Lepidoptera, 

2.  Elingula  (Ephemera,  &c.). 

3.  Neuroptera  (Libelluke  and  other  Linnaean  Neuropteray 

4.  Hymenoptera^ 

5.  Siphonaia  (Aphides  and  Cicada), 

B.  Vaginata, 

6.  Dermaptera  (bugs  and  water-bugs). 

7*  Hemiptera  (cockroaches  and  grasshoppers). 
8.  Coleoptera  (beetles). 

C.  Diptera, 

■  9.  HaUeraia  (Lintueue,  Diptera). 

10.  Proboscidea  (the  genus  Coccus), 
II*  Insects  without  wings.    Aplera. 

D.  SaUatoria. 

11.  Suciaria  (the  genus  Culex), 
£•  Gressoria. 

12.  Aucenala  (the  genera  Lepisma^  Podura,  Termes,  Pedi- 

cuius,  and  Ridnus), 

13.  Atrachelia  (the  spiders  and  crabs). 

14*  Crustacea  (the  Isopoda,  Ampiphoda,  and  Myriapoda  of 
Latreille.    See  below). 
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This  system,  which  cannot  be  called  a  purely  artificial  one,  as  it  is 
founded  upon  several  principles  of  division,  is  yet  deficient  in  its  object 
as  a  natural  one;  the  second  and  third  orders  are  fdsely  separated, 
although  a  division  of  the  Linnaean  Neuroptera  was  desirable;  the 
fifth  must  be  again  united  with  the  seventh,  and  the  tenth  belongs  as 
an  integral  portion  to  both ;  the  twelfth  and  thirteenth,  however,  are 
both  an  intermixture  of  the  most  distinct  creatures,  and  the  fourteenth 
cannot  make  daim  to  be  very  natural. 

§  341. 

Twelve  years  (17^4)  after  De  Oeer's  subdivision,  a  French  naturalist 
of  the  name  of  Oeoffiroy  stepped  forth  as  a  systematist,  where  hitherto 
Englishmen  and  Swedes  had  for  half  a  century  abne  presented  them- 
selves. Indeed,  the  French  had  not  been  idle  during  this  time,  to  prove 
which  we  have  merely  to  refer  to  the  labours  of  Reaumur ;  but  they 
had  not  yet  presented  themselves  as  systematists,  which  is  the  more 
remarkable,  as  their  countrymen  subsequently  have  been  most  active 
in  this  branch  of  natural  inquiry.  Oeoffroy's  system,  which,  exclusive 
of  other  points,  is  important  from  the  introduction  of  the  joints  of  the 
tarsi  as  points  of  division,  has  fewer  groups  than  any  of  the  earlier 
ones,  namely,  only  the  foUowing  six. 

I.  Coleoptera,    Mandibles  and  hard  anterior  wings.     They  are 

divided  into 

1.  Those  with  hard  entire  elytra. 

2.  Those  with  hard  half  elytra.    And 

3.  Those  with  soft  membranous  elytra  (the  Hemiptera  of 

De  Oeer). 
Each  of  these  groups  is  subdivided  from  the  number  of  the 
joints  of  the  tarsi,  in  four  or  ^Yt  lower  groups. 

II.  Hemiptera.    Sucking  oral  organs  and  half  hard  anterior  wings. 

III.  Lepidopiera.     Same  as  Linnaeus. 

IV.  Teiraptera,    Four  naked  membranous  wings. 
%  a.  Feet  three  jointed  {Libellulay  Semblis)* 

h  Feet  four  jointed  {Rhaphidia), 

c.  Feet  five  jointed  {Ephemera,  Phryganea,  Hemerobius, 
Myrmecoieon,  and  the  Hytnenopiera  of  Linnsus). 

V.  Dipiera.    The  same  as  Linnaeus. 

VI.  Aplera.    The  same  as  Linnaeus. 

From  whatever  point  of  view  we  regard  this  system,  it  is  equally  unna 
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tural,  and  worse  than  any  of  his  predecessors.  In  the  second  group  of 
beetles  we  find  the  genera  StaphyUnus^  For/icula,  Meloe,  and  Necydalis, 
De  Geer  had  already  shown  that  the  earwig  does  not  belong  to  the 
beetles.  But,  indeed,  if  cockroaches,  grasshoppers,  and  locusts  are  to 
be  classed  among  the  beetles,  as  GeofTroy  has  done,  the  earwig  may 
very  well  be  placed  there.  What  a  mixture  is  not  the  fourth  order 
even  !  It  was  very  necessary  that  an  active  mind  should  occupy  itself 
to  separate  all  these  errors  from  the  truth,  and  to  raise  entomology 
from  its  existing  state  of  childhood  to  its  age  of  manhood. 

§  342. 

This  genius  was  found  amongst  the  Germans ;  it  was  John  Christian 
Fabricius,  who  was  bom  in  1748  at  Tondern,  in  the  Grand  Duchy  of 
Sleswig:  he  died  upon  the  3rd  of  March,  1808,  as  Professor  at  Kiel. 
It  was  indeed  time  that  the  Grermans  should  exhibit  themselves  as  a 
people  that  loved  science  and  knew  how  to  promote  it,  for  all  their 
neighbours  had  preceded  them  with  celebrated  examples ;  but  it  soon 
displayed  itself  in  a  maimer  superior  to  any  of  the  rest,  as  the  most 
comprehensive,  active,  profoundest,  and  most  zealous  for  science. 

His  division,  which  was  first  published  in  the  year  177^>  in  his 
Systema  Entomologise,  followed  quite  a  new  path,  the  groups  of  it 
being  founded  upon  organs  which  had  never  yet  been  used  by  authors 
as  the  principles  of  subdivision.  These  were  the  oral  organs. 
Fabricius  defined  the  orders  (which  he  incorrectly  called  classes)  by 
their  differences,  and  in  the  course  of  his  progressive  investigation  he 
established  thirteen  equivalent  groups.  Both  his  first  and  last  sub- 
divisions we  will  here  subjoin. 

His  first  classification  was  given  in  1775>  lu  the  Systema  Ento- 
mologiae. 

I.  Insects  with  biting  oral  organs. 

1 .  Four  or  six  palpi  at  the  maxilUB  and  labium. 

a.  MaxilUB  free,  uncovered.     1.  EUutherata  (Coleoptera  of 

Linnieus). 

b.  Maxilla  covered.    2.  UUnuUa  (Hemiptera  of  De  Geer ;  a 

portion  of  the  Hemipiera  of  Linnsus). 

c.  Moxt^ce  connate  with  the /a6it«m.  S,  Synistaia(Neuropieraf 

Hymenopiera,  and  some  Aptera  [^MohocuL  Onisc.  Le^ 
pisnuij  Podura']  of  Linnaeus). 

d.  No  maxilke,    4.  Agonata  (lobsters  and  scorpions). 
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2.  Only  two  pcUpi,  and  indeed  upon  the  maxillat*    5.  Unogata 
(Libellula,  centipedes^  and  spiders). 
11.  Insects  with  suctorial  mouths. 

a.  With  a  spiral  tongue.   6.  Glossata  (Linnnus's  Lepidoptera). 

b.  With  valvular  proboscis  consisting  of  seta*    6.   Rhyngota 

(the  remaining  Hetnipiera  of  Linnaeus). 

c.  With  fleshy  setiferous  proboscis.     7*  Antliata  (Linnaeus's 

Dipierd), 

Howsoever  meritorious  the  undertaking  of  Fabricius  was  to  discover 
a  new  principle  of  subdivision,  whereby  all  groups  of  insects  could  be 
determined,  yet  this  first  division  by  no  means  answers  the  requi- 
sitions that  a  strict  classification  is  justified  in  making.  It  therefore  at 
first  found  but  little  favour,  and  the  difiiculty  of  the  investigation  also 
impeded  it,  and  in  many  cases  indeed  doubt  was  entertained  of  the 
possibility  of  the  process.  In  hct,  this  work  was  but  the  first 
essay  of  a  new  method,  and,  as  such,  certainly  praiseworthy,  in  as  far 
as  the  attention  of  entomologists  was  drawn  to  parts  which  had  not 
previously  been  regarded,  and  which,  however,  as  was  evident  from 
this  representation,  were  of  the  greatest  importance  for  the  distinction 
of  groups^  and  especially  of  genera.  Fabricius  has  not  therefore 
acquired  an  immortal  name  in  science  so  much  by  the  establishment 
of  his  system,  as  exactly  like  Linnseus,  by  the  path  he  pursued.  All 
that  was  distorted  and  fiedse  that  originated  with  him,  time  in  the  pro- 
gress of  the  science  has  removed,  and  his  system  is  pat  aside ;  but  he 
is  the  founder  of  this  mode  of  arrangement,  for  which  he  will  never  be 
forgotten,  for  this  he  stands  forth  as  a  model  to  succeeding  generations. 

The  changes  to  which  he  gradually  subjected  his  system  are  manifold. 
New  orders  were  established,  old  ones  more  correctly  restricted,  and 
the  whole  was  raised  to  a  superior  scientific  completion.  Thus  almost 
in  the  evening  of  his  days  he  proposed  the  following  division  in  the 
supplementary  volume  to  the  second  edition  of  his  System  of  Insects. 

I.  Insects  with  biting  mouths. 
A.  Two  pairs  of  mandibles. 

a.  The  lower  ones  having  palpi. 

1.  Free  without  covering.  1.  Class.  E/^uMer a/a  (beetles). 

2.  Covered.  2.    —     Uhnata  {Orlhoptera), 

3.  Connate  with  the  labium.      3.    —    Synisiata  {Neuroptera)> 

4.  Distended,  thin,  coriaceous.   4.    --     Piegata  (Hymenoptera). 
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5.  Honiy,    strongly    toothed,    5.  Class.  Odcnata  (Libeilula). 
labium  without  pa/pt. 
b.  All  without />a//>t.  6.    —    Mitosaia  (Scolopendra) , 

B.  A  pair  of  tncunll€B  resembling  7,    —    Unogaia    (scorpions    and 

scissors.  spiders). 

C.  More  than  two  pair  of  mcurilla* 

1.  Within  the  labium,  B.    —    Polygonata  (Isopoda), 

2.  Outside  the  lip  closing  the  9.    ^^    Kleistagnatha      (short- 

mouth,  tailed  crabs). 

3.  Outside  the  lip>  but  covered  10.  —    Exochnata     ( long- tailed 

hy  the  palpi,  crabs). 

N  II.  Insects  with  suctorial  mouths. 

1.  In  the  mouth  a  spiral  tongue.  II. —    Glossata  {Lepidoptera). 

2.  In  the  mouth  a  homy  pro-  12.  —    Rhyngota  (Hemiplera). 

boscis,  surrounded  by  joint- 
ed sheaths. 

3.  Inthemouthasoftunjointed  13.  —    Antliata  (JDiptera). 

proboscis. 
We  perceive  from  this  division  that  Fabricius  had  no  idea  of  a 
natural  grouping,  but  that  he  separated  from  solitary  characters  wheii 
he  could.  Thus  forms  the  most  allied  were  torn  from  each  other,  and 
very  different  genera  were  forced  into  the  divisions  from  one*sided 
views ;  thus  for  instance,  the  flea  stands  among  the  Rhyngota,  with 
which  it  has  nothing  in  common  but  its  suctorial  mouth,  whereas  we 
find  the  lice  among  the  Antliata^  although  they  pass  through  no  meta- 
morphosis. The  character  of  the  Odonata  is  erroneous,  for  the  Libels 
IuUb  have  one  jointed  labial  palpi,  and  the  character  of  the  Synittata 
does  not  agree  with  all,  but  merely  with  some  genera. 

§  343. 

Nevertheless^  the  system  of  Fabricius  had  many  followers,  eq«ciallj 
because  by  means  of  it  the  genera  were  more  correctly  determined  than 
had  previously  been  the  case ;  yet  its  being  so  unnatural  and  artificial 
displeased  many,  and,  therefore^  lUiger  *  proposed  uniting  both  systems, 
that  of  Linnieus  with  the  latter,  a  proposition  which  he  himself  executed 
in  the  following  manner : — 

*  In  the  Appendix  to  his  K'afer  PreuiMBS,  toI.  L  HtUe,  1798.  8to. 
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1. ,  Cokoptera,  Lin.,  without  Forficula         —     Eleuiherata^  Fab. 

Q    n^;^*^^  Tin  J^-  ^^»«'«>F. 

^  I  ^>.  Rhyngota,  F. 

3.  Lq^idopttroy  Lin.  .        —     Glossata,  F. 

4.  Neuroptera,  Lin.  (to  which    7eniief,        C  a.  Odonata,  F. 

Lepisma,  and  Podura  are  added)         f  i^.  Synisiala,  F. 

5.  Hymenoptera,  Lin.      .  —    Piezata,  F. 

6.  Diptera,  Lin.  (with  Pediculus  and  Acarus)  -»     Antliata,  F. 

^fl.  Unogata,  F. 

7.  ApterOf  Lin.  (without  the  above-named  ,?^       '     * 

.  — <  c.  MttosatOy  F. 

apterous  genera)  w,  .  ^ 

(/  KleistagnathaS' 

V  e.  Exochnata,  F. 

According  to  this  grouping,  which,  indeed,  removes  several  of  the 
deficiencies  of  that  of  Fabricius,  the  hirge  Helwig-Hoffmannseggian 
collection  was  to  be  arranged,  and  thus  made  the  basis  of  a  detailed 
elaboration  of  entomology,  but  its  execution  was  prevented  by  political 
events. 

Clairville  *  published  almost  contemporaneously  with  this  eesay  of 
Sliger's  a  subdivision  of  insects,  which,  although  it  had  no  influence 
upon  the  progress  of  the  science,  yet  merits  a  short  notice.  It  was 
the  following : 

I.  Insects  with  wings.   Pterqphora. 

A.  With  mandibulate  oral  organs. 

1.  Anterior  wings  homy.  l.Ord.  Elytropiera  (beetles). 

2.  •  coriaceous.     2.    —  Deratoptera  {Orthoptera), 

3.  Wings    with    reticulated     3.   —  Dictyoptera  {Neuroptera). 

nervures. 

4.  Wings    with    ramose         4.    —  Phlehopiera  {Hymenoptera). 

nervures. 

B.  With  haustellate  oral  organs. 

1.  Wings  and  halteres.  5.   —  HaUeriptera  {pipiera). 

2.  .    •  covered  with  scales.       6.  —  Lepidoptera, 

3.  .   .  variously  constructed.    7*  —  Hemimeroptera(Hemipiera), 

II.  Insects  without  wings. 

1.  With  suctorial  oral  organs.    8.   —  Rhophotera. 

2.  With  mandibulate  oral         9.   —  Pododunera, 

organs. 

*  Entomologie  HeWetique.  Zur.  1 798 — 1806,  2  vol.  8to. 
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§  344. 

These  were  the  systems  of  the  preceding  century.  But  the  whole 
science  of  zoology^  and  consequently,  therefore,  entomology,  was 
involved  in  a  great  and  advantageous  revolution,  promoted  by  the 
general  impulse  towards  a  natural  system,  and  which  was  especially 
stimulated  by  anatomical  studies.  Blumenbach,  by  the  publication  of 
his  comparative  anatomy,  had  conducted  naturalists  to  this  we  may 
almost  say  new  field,  and  its  elaboration  was  now  commenced  with  zeal. 
Hence  was  developed  the  zootomical  tendency  of  zoology,  and  which 
possessed  in  Cuvier  its  most  distinguished  and  universally  revered 
representative.  It  took,  lastly,  a  physiological  direction,  which  did 
not,  like  the  former,  merely  regard  form,  but  inspected  the  entire 
essence  of  which  form  is  merely  the  expression.  The  latter  con- 
sequently reposes  upon  the  zootomical,  and  without  wliich  it  cannot 
be  brought  to  bear,  but  its  tendency  to  secure  us  from  one-sidedness, 
to  which  the  latter  so  easily  leads,  is  its  very  greatest  advantage.  It  is 
also  called  the  philosophical  system,  and  justly,  for  the  path  it  pursues 
is  more  philosophical,  in  as  far  as  it  seeks  to  explain  the  composite 
from  the  simple,  and  endeavours  to  refer  the  former  back  to  this.  But 
its  foundation  being  physiology,  it  justly  merits  its  first  name.  Oken 
and  his  system  are  the  representatives  of  this  method. 

§  345. 

The  first  new  division  of  animals  was  proposed  about  this  time  by 
Cuvier  (George  Leopold  Christian  Frederick  Dagobert,  bom  1769  at 
Miimpelgarde,  in  Alsatia,  died  at  Paris  in  1832),  and  actually  executed 
in  his  '  Traits  Elementaire*.  Insects  are  here  still  treated  according  to 
the  system  of  Linnieus,  but  yet  the  subsequent  divisions  are  indicated 
in  the  grouping  of  the  orders.  The  first  of  these  divisions,  namely, 
the  separation  of  insects  into  two  equivalent  classes,  was  executed 
some  years  later  in  the  Tables  appended  to  his  Comparative  Anatomy, 
where  he  separated  those  with  distinct  blood-vessels  as  Crustacea,  but 
left  all  the  rest  united  as  Insecta, 

In  the  interim,  another  French  naturalist,  who  afterwards  acquired 
the  highest  fame  in  entomology,  namely,  P.  A.  Latreille  (bom  1762 
at  Brives)  published  u  new  division  of  insects  *,  which  differs  from 

*  Preeis  drs  Carftet«re«  Gen^riques  des  Insectes.  BriTes,  1 796.  8?o. 
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the  Linniean  merely  in  establishing  the  Orihoptera  as  an  order,  and 
the  separation  of  the  Aptera  into  seven  equivalent  orders.  The  following 
are  the  seven  new  orders : 

1.  Suctoria  (the  genus  Pulex), 

2.  Thysanura  (the  genera  Lepisma  and  Podura)* 

3.  Parasita  (the  lice,  with  Ricin%Uf  De  Oeer). 

4.  Acephala  {Unogata,  F,,  spiders,  scorpions^  and  Acari), 

5.  EntomottrcKa  (the  genera  Cypris,  Daphina,  &c.)* 

6.  Crustacea  {KleUtagmUha  and  Exochnaia^  F.). 

7*  Myriapoda  (MitoscUa,  F.,  the  genera  Scolopendra,  lulus, 
OniscuSf  and  allies). 

The  author  professes  to  have  sought  their  natural  arrangement,  and 
to  have  founded  his  diviuons  less  upon  a  single  character  than  the 
general  expression  of  the  whole ; '  but  the  mode  in  which  he  has  formed 
his  system  scarcely  supports  his  proposition,  for  many  unnatural  sepa- 
rations still  remain.  He,  however,  claims  the  positive  merit  of  having 
introduced  the  natural  fisunilies. 

The  next  arrangement  published  by  Latreille  we  find  in  his 
*  Genera  Crustaoeorum  et  Insectorum,'  Paris,  1806,  4  vols.  8vo.  He 
here  divides,  with  Cuvier,  Linnaeus's  Insecta  into  two  equivalent 
groups,  Crustacea  and  Insecta,  the  former  of  which  he  characterises 
by  the  possession  of  a  heart  and  bronchial  respiration,  and  the  latter  by 
respiring  through  tracheae.  The  class  of  Insects  which  alone  here 
concerns  us  is  divided  in  the  following  manner : 

I.  Insects  without  wings.   Aptera, 

A.  With  segments  bearing  seven  or  more  pairs  of  legs. 
a.  Head  separated  from  the  thorax. 

a.  a.  Four  antennie.  Lasts^ments  1.  Legion.  TV/racero. 

of  the  body  without  1^. 

b.  b.  Two  antennae,     All  the  aeg-*  2. 

ments  except  the  last  with 
legs. 
b^  Head  connected  with  the  thorax.  3. 
No  antenne. 

B.  With  three  segments  bearing  legs.      4. 

II.  Insects  with  wings.  5. 
A.  With  elytra  and  wings.  Elytroptera. 

a.  With  mandibles.    Odontata. 


—     Myriapoda. 


—     Accra. 


Apterodicera, 
Pterodicera, 


R  R 
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a,  a.  Wings  folded  transversely.  l.Ord.  Coleopiercu 

h.h.  .       .     longitudinally,  2.   —   Orlhopiera. 

b.  With  haustellate  mouth.      Sipho'    3.   —  Hemiptera. 
nostamata. 
B.  Without  elytra,  with  wings.  Gymnoptera. 
a.  With  mandibles.   Odontata, 

a.  am  Nervures  reticulated.  4.  —  Neuropiera. 

b.h.       .     .      ramose.  5.  —  Hymenoplera. 

h.  With  haustellate  mouth.  Siphonottoma, 

a.  a*  Four  wings  covered  with  scales.    6.  —  Lepidoplera, 
h.  h.  Two  wings  and  two  halteres.         7-  —  Diptercu 
c,  c.  No  wings  or  halteres.  8.   —  Suctoria. 

We  may  oppose  to  this  arrangement,  which,  as  it  does  not  r^ard 
the  entire  being  of  insects,  is  still  merely  artificial,  that  it  is  not 
sufficiently  strict,  for  the  order  of  the  Sucioria  is  as  an  apterous  group, 
not  in  its  right  place  among  the  Insecta  pterodicera.  And  also  the 
groups  which  are  here  considered  as  equivalent  to  the  Tetracera, 
Myriapoda,  Apterodicera,  and  Pterodicera,  are  by  no  means  of  equal 
value,  but  the  two  first  and  two  last  are  most  closely  allied;  the  former 
are  the  subordinate  members  of  a  higher  group,  and  the  latter  also 
could  at  most  be  placed  as  equivalent  to  the  orders  of  the  Insecta 
pierodicera,  Latreille  published  shortly  afterwards  a  new  grouping 
of  insects  in  his  '  Considerations  G^nerales,'  &c.  (Paris,  1810),  his 
attention  having  been  aroused  by  Lamarck's  division  of  invertebrate 
animals ;  and  he  here  differed  from  his  former  work,  by  subdividing 
Linmeus'  insects  into  three  equii^ent  groups.  The  first  of  these,  the 
Crustacea,  remained  as  before  ;  the  second,  the  Arachnides,  comprised 
all  the  Insecta  aptera  of  the  former  system ;  the  third,  the  Insecta, 
included  the  earlier  Insecta  pierodicera,  containing  the  same  orders  in 
the  same  series,  whereas  the  second  had  received  some  alteration  by 
the  separation  of  the  Insecta  apterodicera  into  two  orders,  the 
Thysanura  and  the  Parasita.  Later  alterations,  which  Latrdlle 
repeatedly  made,  convince  us  that,  even  this  arrangement,  which  is  so 
€ar  superior  to  the  former,  neither  satisfied  the  author  nor  the  demands 
of  judicious  criticism.  In  his  own  discontent  with  the  result,  and  his 
endeavours  to  correct  it  where  possible,  and  to  take  advantage  of  every- 
body's views,  which,  indeed,  he  has  nowhere  expressed,  yet  which  is 
but  too  apparent  from  all  his  subsequent  works,  he  evinces  a  deficiency 
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of  all  the  principles  which  should  have  gaided  him  in  his  systematic 
labours,  and  he  thereby  exposes  their  being  untenable.  Thus  we  find 
in  his  next  grouping,  published  in  Guviar*8  R^ne  Animal  (Paris, 
181  7j  4  vol.  8vo.),  the  Insecta  of  Lixmsus  again  divided  into  three 
groups,  but  these  differently  limited.  The  first,  the  Crttstacea,  has 
received  an  addition  in  the  order  TetracerOf  whereas  the  second* 
Arachnidet,  is  made  to  sacrifice  not  only  this,  but  also  the  Myrtapoda, 
Thysanura^  and  Parasita,  which  are  placed  in  the  third  group  among 
the  Insecta,  This  also  received  a  new  order  in  the  Sirepnslera, 
discovered  and  established  by  Kirby»  so  that  it  now  consisted  of  twelve 
orders.  His  next  division  (Families  Naturelles  du  R^gne  Animal, 
Paris,  1825,  8vo.)  raises  the  Myriapoda,  after  Leach,  to  a  distinct 
class,  and  divides  the  Insecta  into  eleven  orders,  which  remain  as  before 
established :  the  Annulata  collectivelyi  which  form  Linneeus*  Insecta, 
are  here  first  called  Condylopa,  In  the  new  edition  of  Guvier's  R^gne 
Animal  (Paris,  1829,  5  vols.  8vo.)  the  class  Myriapoda  is  again 
reduced  to  an  order  among  the  insects,  and  their  number  again  raised 
to  twelve  orders,  whereas  in  his  latest  system  (Cours  d'Entomologie, 
Paris,  1832,  8vo.)  they  are  again  made  into  a  class  and  placed  between 
the  ArmchfUdes  and  insects,  the  loss  of  which  in  the  number  of  the 
orders  is  made  up  by  the  establishment  of  Forficula  as  a  distinct  one. 
The  following  is  this  system,  which  is  the  last  published  by  its  author : 

I.  Apiropoda-     Condylopes  with  more  than  six  legs. 

1.  Glass.  Crustacea, 

2.  —    Arachnides, 

3.  —    Myriapoda. 

II.  Hexapoda.    Candylopes  with  six  legi^ 

4.  Glass.  Insecta. 

A.  Insects  without  wings. 

a*  Without  metamorphosis. 

*  With  mandibulate  organs.        1.  Order.  Thysanura. 

♦♦  With  suctorial  mouths.  2.    —    Parasita. 

h.  With  a  perfect  metamorphosis.     3.    —    Siphonoptera, 

B.  Insects  with  wings. 

a.  Elytroptera.  The  anterior  wing 
covers  the  posterior  like  a 
sheath. 

rr2 
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Dermapterm,  the 
genus  ForfiaUa, 
Orthoptertu 


*  Mandibulate  mouth. 

Cases  horny.  Perfect  meta-  4.  Order.  Coleoptera. 

morphosis. 
Cases  homy.  Imperfect  me-  5.    ~ 

tamorphosis. 
Cases  coriaceous.  Imperfect  6.    — 
metamorphosis. 
**  Suctorial  mouth.  7-    —    Hemiptera, 

h.  Gymnoptera.    Wings  alike. 

*  Four  wings, 
t  Mandibulate  oral  organs,  at 

least  distinct  mandibles. 
Wings  with  reticulated  ner-  8.    —     Neuroptera. 

vures. 
Wings  with  ramose  ner-  9.    —     Hymenoptera. 
▼ures. 
ft  Suctorial  mouth,  mandibles  10.  —    Lepidoptera. 

abortive. 
**  Two  wings, 
t  Two  distorted  moveable  pro-  11.  —    Strepsiptera^ 

cesses  on  the  prothorax. 
ttPoisers  behind  the  wings.  12.  — 
We  have  not  space  here  to  enter  into  the  merits  of  this  system,  and 
we  can  only  remark  that  the  author  has  made  divisions  upon  mere 
external  characters,  and  that,  therefore,  the  naturalness  of  his  grouping, 
which  he  chiefly  aimed  at,  was  necessarily  lost.  This  may  be  asserted 
also  of  the  families  within  the  orders ;  they  are  also  frequently  deficient 
in  a  natural  connexion  and  a  natural  arrangement. 


Diptenu 


§  346. 

Whilst  Latreille  was  elaborating  the  natural  system  during  a  space 
of  thirty-six  years,  othf  r  countrymen  of  his  were  busied  with  the  same 
subject.  Lamarck  is  the  first  among  these.  He  first  proposed  the 
separation  of  the  Arachnides  as  a  class,  and  he  separated  the  Insecta 
of  Linnaeus  into  the  three  equivalent  groups,  Cnutcicea,  ArcxhnideSy 
InaecUu    The  Insecta  he  subdivided  into  eight  orders,  as  folloii^ : 
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I.  Insects  with  suctorial  mouths. 

1.  Order.  Aptera  (merely  the  genus  Pulex,  Suctoria,  Lat.). 

2.  —    Diptera  (besides  the  Diptcra,  the  order  Rhiphiptera, 

Lat.,  also  belongs  here^  but  which  differs  by  a  man- 
dibulate  mouth). 

3.  —     Hemiptera  (the  same  as  Latreille). 

4.  —    Lepidoptera  (the  same  as  Linnseus). 

II.  Insects  with  mandibulate  mouths. 

5.  —     H^menaptera  (like  Linnceus  and  Latreille).   • 
tf.     —     Neuroptera    (  do.  do.  ). 

7«    —     Orthcptera  (like  Latreille*  but  with  the  addition  of  the 

order  Dertnaptera)* 
8.  —  Coleoptera  (like  Linneus  and  Latreille). 
All  other  apterous  insects  Lamarck  places  among  the  Arachnides 
and  Crustacea,  Then  the  Thtfsanura,  (LepUma,  Podura,)  Myria^ 
poda,  (Sadopeiidrch)  Juluf  and  the  parasites  {Pediculus^  Ricinus) 
among  the  Arachnides,  with  the  scorpions,  spiders,  and  Acari  ;  the 
Crustacea  are  the  same  in  Cuvier  and  Latreille^ 

§347. 

Another  French  naturalist,  Dumeril,  to  whom  we  are  indebted  for  a, 
in  some  degree,  peculiar  division  of  insects,  in  so  fieur  differs  from  the 
opinion  of  his  compatriots,  that  he  places  insects  in  the  series  of 
animals  above  the  MoUusca ;  his  arrangement,  with  this  exception, 
is  but  a  slight  modification  of  the  Linnsean.  He  forms  two  classes  of 
Linnaeus'  insects,  namely,  Crustacea  and  Insecta,  the  former  of  which 
comprises  all  the'  crabs,'  and  the  latter,  on  the  contrary,  all  the  six- 
lei^ed  insects,  spidersy  scorpions,  wood-lice,  vjA  Myriapoda*  They 
are  thus  brought  into  eight  orders 

L  Insects  with  wings. 
A.  Four  wings, 
a.  Mouth  with  mandibles. 

a.  a.  Wings  unequal,  the  anterior  homy. 

*  The  posterior  transversely  folded.  InOtAer.Cdeoptera. 
**   The  posterior  longitudinally 

folded.  2.    —    Orthoptera, 

b.  6.  Wings  equal. 

•  With  reticulated  nervures.  3.    —    Neuroptera. 
**  With  ramose  nervures.  4.     —     Hymenoptera. 
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b.  Mouth  without  mandibles, 

a.  a.  Without  a  bent  proboscis.  5.  Order.  Henupiera. 

6. 6.  A  spirally  rolled  proboscis.  6.    —    Lepidoptera. 

B.  Two  wings.  7-    —    Diptera^ 

II.  Insects  without  wings.  8.    —    Aptera, 

a.  Six  legs. 

a.  a.  Mouth  a  proboscis.  1.  Family.  RhtrnqOera 

(lioe  and  six-legged  Acart). 

if.  b.  Mouth   with   mandibles,   ab-  2.  Family.  Omiihomyz^E 

dominal  apex  without  sets        (genus  JRict jikt^  De 

and  appendages.  G^eer* 

Mouth  with  various  append-  3.  Family.  Nematurm 

ages.  {Lepitmoy  Podurd). 

b.  Eight  legs.  No  antennn.  4.  Family,  ilcera. 

c.  More  than  eight  legs. 

a.  a.  Body  with  many  s^ments,  each 

bearing  a  pair  of  legs*  5.     —     Myriapodeu 

b.b.  Body   with    fewer    s^ments^  6.     —  PofygncUha 

fourteen  pairs  of  legs.  {Oniscus  8cAmuuUUo). 

The  author,  besides,  endeavoured  to  reunite  more  naturaUy^  and  by 
other  principles,  the  families  that  had  been  so  monstrously  subdivided, 
and  to  reduce,  especially,  the  host  of  genera,  which,  as  his  work  was  to 
serve  as  a  general  introduction  to  the  natural  history  of  insects*,  is  very 
much  to  be  praised. 

§  348. 

The  whilst  these  systems  were  being  sketched  by  the  French, 
English  naturalists  likewise  occupied  themselves  with  entomology. 
Among  these  there  are  especially  three  whidi  well  merit  mention, 
namely.  Leach,  Earby,  and  Madeay.  The  system  of  the  last  is 
founded  upon  philosophical  principles,  and  whidi  we  will  therefore 
examine  last.    Leach  sketched  the  following  system  f  • 

I.  Insects  without  a  metamorphosis.    Ametabola. 

A.  Abdominal  apex  with  setse.        1.  Order.  Thysanura. 

B.  .  .     .        .    without  setes.   2.     ^^    Anoptura 

(Parasiia,  Lat.). 

*  Consideimtioiu  G^n^ndcs  lur  la  Claase  des  Inaectef.  Parii,  1823.  8vo.  »▼.  fig. 
f  Zoological  MisecUuiXy  toL  iii.  p.  57—60. 
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II.  Insects  with  metamorphosis.    Metabola. 

A.  With  mandibles  and  wing  cases* 

a.  Metamorphosis  imperfect  (perfect). 

Wings  folded  transversely.  3.  Order.  Coleoptercu 

b.  Metamorphosis  half  perfect. 

Wings  folded  longitndinallj  and 

transversely.  4.    —    Dermaptera 

{F&rficula)* 

Wings  folded  longitudinally. 

With  a  straight  suture.  5.     —     Orthoptera. 

Crossed  at  the  apex.  6.    -^     Dktyoptera 

(Blatiaria). 

B.  With  setiform  mandibles  for  punc- 

turing. 
Wings  crossing  at  the  apex.  ?•    —    Hemiptera 

(bugs). 

Wings  straight,  contiguous.  8.    -^    Omoptera 

(Ctccufa). 

C.  With  setiform  mandibles  and  with- 

out wings*  9.     —    Aptera 

(Suctortch  Lat.). 

D.  With  indistinct  mandibles,  connate 

at  the  base. 
Wings  covered  with  scales.  10.    —    Lepidoptera, 

Wings  generally  hairy.  11.    —     Trickoptera 

{Pkryganed). 

E.  With  mandibulate  mouths,  but  with- 

out wing  cases. 
17*  With  simple  foot  daws.  15.    —    DipUrc^ 

b^  With  divided  foot  daws.  16.    —    Omaloptera 

(Diptera  pupipara)* 
The  subdivision  of  insects  into  many  orders,  which  the  English  are 
especially  fond  of,  certainly  merits  no  recognition;  only  where  nature 
has  set  true  limits  let  them  be  divided,  and  let  us  not  wilfully  destroy 
the  beautiful  picture  of  harmony  she  everywhere  presents  us  with. 
How,  for  instance,  will  the  author  justify  the  separation  of  the 
Orthoptera  into  three  orders;  and  how  the  separation  of  the  THchoptera 
and  Neuroptera  by  these  principles;  and  how  the  division  of  tlie 
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Omaloptcra  from  the  Diptera  ?  ■  What  business  has  the  genus 
Nycieribia,  which  forms  for  him  a  separate  order,  Notostomti^  in  this 
company^  and  which  should  be  among  the  Acari  with  the  Arachnides  ? 

§  349. 

William  Kirby^  who^  together  with  William  Spenoe,  has  earned  an 
immortal  &me  in  entomology,  by  their  Introduction  to  this  science,  has 
inserted  in  their  fourth  volume  the  following  system. 

I.  Insects  with  mandibles.     Mandihulata^ 

1.  Order*  Coleoptera  (like  Linnaeus  and  Latreille.   Eleutherata, 

Fab.). 

2.  —     Sirepsiptera,  Kirb.  {Rhiphiptera,  Latr.). 

3.  —     Dermaptera,  Leach  (Family  Forficula,  Latr.). 

4.  —     Orihoptera  (like  Latreille,  but  without  Forficula). 

5.  —     Neuroptera  (like  Linnieus  and  Latreille^  but  mthout 

the  Trichoptera), 

6.  —    Hymenoptera  (like  Linnsus  and  Latreille). 
IL  Insects  with  suctorial  mouths.    Hanstellata, 

7*  Order.  Hemiptera  (like  Linnieus  and  Latreille). 

8.  —     Trichoptera  (Leach). 

9.  —    Lepidoptera  (Linnaeus  and  Latreille). 

10.  —     Diptera  (like  Linneeus  and  Latreille). 

11.  —    Aphaniptera,  Kirby  (^Suctaria,  Latr.). 

12.  —     Aptera    (all    apterous    insects    breathing    through 

tracheae). 
*  Hexapoda  (Ametabola,  Leach^  Tkysanura  and  Parasita^ 

Latr.). 
**  Octopoda  (Arachnides,  TVacheales,  Latr.). 
*•♦  Polypoda  {Myriapoda,  Leach,  Latr.). 
Tliat  many  of  the  orders  here  partly  adopted  from  Leach  cannot  be 
justified  upon  principle,  must  be  speedily  discovered  by  every  one  upon 
a  close  inspection.     To  separate  the  earwigs  from  the  Orthopteroj  on 
account  of  the  structure  of  their  wings,  is  as  wrong  as  it  would  be  to 
raise  those  beetles  which  have  but  half  elytra  into  a  distinct  order. 
Both  principles  of  division  are  merely  family  characters.    The  same 
may  be  said  of   the  order   Trichoptera,  which    has  been  equally 
capriciously  separated  from  the  Neuroptera,    If  even  the  Phryganea 
imbibe  their  food,  yet  are  their  oral  organs  formed  ujKin  the  type  of 
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mandibulate  mouths,  and  by  the  same  right  the  beetles  and  Hymen- 
optera,  which  suck  the  juices  of  flowers  and  plants^  for  example,  the 
Lucani,  many  Lafnellicornsf  and  the  wasps  and  bees,  should  be 
removed  among  insects  with  suctorial  organs. 

§  350. 

Upon  now  passing  to  the  physiological  or  philosophical  systems,  we 
find  their  originators  to  have  consisted  chiefly  of  Germans.  Proceeding 
from  the  view  that  organic  nature  is  to  be  considered  as  one  great 
whole,  which  exhibits  in  its  several  members  progressive  grades  of 
development  up  to  its  very  fullest  perfection  and  evolution,  the 
philosophical  system  endeavours  to  characterise  these  grades  of  de- 
velopment as  classes,  and  then  further  strives  to  prove  their  gradual 
perfection  in  the  order  of  each  class.  After  this  idea  had  been  started 
bypothetically  in  ScheUing's  school,  Oken  sought  to  transfer  it  to 
natural  history,  and  there  practically  to  apply  it  He  thence  obtained 
thirteen  classes  among  animals,  each  of  which  is  represented  by  a 
successively  added  organ.  Insects  occupy  the  ninth  of  these  classes, 
and  are  characterised  as  lung-animals.  The  followii^*  is  their 
division: 

J.Order.  Oerm  flies  (Keimfliegen). 
^  Insects  with  imperfect  metamorphosis. 

1.  Tribe.  Bugs  (ffemiptera,  Latr.). 

2*    —    '  Schricken'  (Orihoptera  taid  Dermaptera,hAtx.y 

3.  —    'Bolde*  (JV^rop^era,  Latr.). 
IL  Order.  Sexual  flies. 

'  Insects  with  perfect  metamorphosis  and  equal  wings. 

4.  Tribe. '  Miicken'  (Diptera  and  SuctoriOf  Latr.). 

5.  —     '  Immen'  {Hymenoptera,  Latr.). 

6.  —    *  Falter'  {Lepidopteroy  Latr.). 

III.  Order.  Lung-flies.    Beetles  (Coleoptera,  Latr.). 
Insects  with'  perfect  metamorphosis^  elytra,  and  wings. 
7*  Tribe. '  Kimer'  (Coleopt.  tetramera,  Latr.). 

8.  —    'Schruppe'  (Co^eop/.  Aeterom^a,  Latr.). 

9.  —     'Runke'  (Co/eopt/ien/anf era,  Latr.). 

We  may  object  to  this  arrangement,  which  tolerably  .  distinctly 
exhibits  the  gradual  development  of  the  insect  world,  that  the  three 

*  Nftturgcschichte  fiir  Schulcn.  Lciiizig.  1821.  8vo. 
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chief  groups  of  beetles^  which  are  here  made  eqiUTalent  to  the  other 
tri  W,  are  much  more  closely  allied  together,  and  should  properl  j  fonn 
but  one  tribe ;  besides  that  in  the  tribe  Neuroptera  thare  are  insects* 
with  perfect  and  imperfect  metamorphoses,  which  is  opposed  to  the 
principles  of  the  system.  Many  objections  might  also  be  made  to 
the  arrangement  of  the  fiimilies  within  each  group,  but  this  would  lead 
us  too  hi* 

The  systems  of  other  Crerman  naturalists,  which  are  founded  upon 
philosophical  principles,  merely  diverge  from  that  of  Linnaeus  in  the 
consecutive  arrangement  of  the  orders:  we  will  therefore  no  longer 
dwell  upon  them,  but  only  cite  Goldfiiss  and  Wilbraod  aa  their 
projectors. 

§  351. 

We  now  come  to  the  system  of  M'Leay  *.  The  following  are  the 
principles  which  guided  him  in  the  distribution. 

1.  All  natural  groups  of  the  kingdom  of  nature  return  within 
themselves,  and,  consequently,  present  themselves  in  the  form  of 
circles. 

2.  Each  of  these  circles  contains  five  other  circles,  which  are  o(»i- 
nected  together  in  the  same  way. 

3.  Where  these  circles  join,  there  are  intermediate  groups  by  means 
of  which  they  are  still  more  closely  connected. 

4.  The  members  of  each  circle,  which  are  at  the  points  where  the 
circles  meet,  exhibit  analogies. 

According  to  these  principles,  organic  nature  is  divided  into  two 
large  circles,  one  of  which  comprises  the  vegetables  and  the  other  the 
animals.  Each  consists  of  ^ye  circles,  which,  in  the  animal  kingdom, 
are  the  following :  Acrita  (Infusaries  and  Polypes),  whidi  are 
bordered  on  the  one  side  by  the  MoUusca,  and  on  the  other  by  the 
Radiata  {Medusa  and  Echinodemia)  g  next  to  the  Radiata  stand 
the  Anntilosa  {Crustac^,  insects),  and  to  the  MoUusca  the  Vetiebraia, 
which  pass  over  to  insects  by  means  of  the  fishes,  and  to  the  MoUusca 
by  the  amphibia.  The  Annulosa,  which  chiefly  concern  us  here,  again 
consist  of  five  principal  groups,  which  have  the  following  characters  and 
boundaries. 

*  Seo  his  Hone  Entomologico;.  Lond.  i821.  2  vol.  8vo.,  and  Linnean  Tnniactionfv 
▼ol.  xi¥.  p.  46,  &c. 
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1.  Crustacea,  (AccordiDg  to  Cuvier,  Latreille,  &c.)  they  are  coo- 
tignous  to  the  Radiata,  and  especially  the  Echinu  Upon  one  side  they 
join  the 

2.  Araehnida.  (The  spider-like  annnlosa^  according  to  Latreille, 
Lamarck,  &c.)    On  the  other  side  the  Cnutacea  border  upon  the 

3.  Amelabcla.  Insects  without  a  metamorphosis,  namely,  the  MgrU 
apoda,  Th^sanura,  and  Parasita  of  Latreille. 

4.  Hatutellata-  Six-legged  insects  with  wings  and  suctorial  mouths. 
They  join  the  Aracknida,  metamorphose,  and  therefore  fonn  with  the 
following  group  the  true  insects. 

5.  Mandibulaia,  8ix-l^;ged  insects  with  wings  and  mandibulate 
mouths.  Their  place  is  between  the  Hausidlaia  and  Ametabola  ;  the 
latter  form  the  transition  to  the  fishes. 

Here,  therefore,  only  three  orders  will  occupy  us,  namely,  the  ilfiic- 
tabola,  Mandibulata,  and  HausUttata. 

Hitherto  but  three  groups  of  the  Ametabolu  have  been  found,  via,, 
the  Myriapodth  which  join  the  Crustacea ;  the  nysanura  and  the 
Anoplura  {Anopl,,  Leach,  Parasita,  Lat.),  which  approach  the  Man-- 
dihulata. 

The  division  and  affinities  of  the  Mandibulata  and  Haustellata, 
which  are  called  Insecta  ptiloia,  in  contradistinction  to  the  Ametabola,. 
as  apterous  insects,  is  represented  in  the  following  table  :— 

Ptilota. 
Mandibulata.  Haustellata. 

Larrs  with  feet,  pupse  obtects. 
Trichoptera,  Lepidoptera. 

{Semblodes,  Phryganea^  &c.) 

Larvs  apods,  pupas  exaratae. 
Hymenoptera,  Diptera. 

laarvm  varying,  pupe  free  and  quiet. 
Ccleoptera.  Aptera. 

{^Suctoria,  Lat.) 
Metamorphosis  semi-complete,  larva  resembles  the  imaga 
Orthoptera*  Hemiptera* 

(^Hemip.  Heteroptera,  Lat.) 
Larvae  with  six  feet,  metamorphosis  varying. 
Neuroptera,  Homoptera. 

(Hemip.f  Homopt.,  Latr.) 


I 
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These  circles,  which  the  Maudibulata  and  Hausieliata  fortn,  are 
contiguous  to  each  other  in  the  Trichoplera  and  Lepidoptera,  espe- 
cially the  genus  Mystactdes,  Latr.,  of  the  foimer,  makes  the  transition 
to  the  genus  Aglossa^  Latr.,  in  the  latter.  M'Leay  considered 
the  following  families  as  the  connecting  links  between  the  two 
orders  of 
Mandibulala  and  HausteUala. 

Bomhoplera.  Genus  Psychoda, 

{Tenihrenodea,  stand  between  the     (Between  Lepidoptera  and  Dip- 
Trichoplera  and  Hymenoptera,  tera, 

Sirepsiptera,  Kirb.  Homaloptertu 

(Between  Hymenoptera  and  Cole-     {Diptera  pupipara,  Lat.,  between 

opiera.  Diptera  and  Aplera. 

Dermaptera,  Leach.  Genus  Aphis, 

(Between  Coleoptera  and  Orthop-     (Between  Aptera  and  Hemiptera. 

tera. 
Dich/optera,  Lea.,  Kirb.  Family  Hydrocorides^  Latr. 

(Between    Orthoptera  and  Neu-     (Between  Hemiptera  and  Homo- 

tera,  ptera. 

Megaloptera,  Genus  Aleyrodes,  Latr. 

(Seniblodes    between   Neuroptera     (Between  Homoptera  and  Lepi- 
and  Trichoptera.  doptera. 

It  is  not  to  be  denied  that  in  this  arrangement  there  are  many 
affinities,  but  just  as  many  appear  forced  and  unnatural.  The  opinion 
that  has  also  been  expressed  by  Goldfuss  and  other  G^erman  naturalists 
appears  indeed  true,  that  animals  in  general,  and  consequently  insects, 
do  not  ascend  in  a  consecutive  series  from  the  most  simple  to  the  most 
perfect^  but  the  several  groups  touch  each  other  in  different  parts, 
thereby  receiving  other  forms,  and  are  frequently  interlinked  by  true 
groups  of  transition.  If,  now,  the  determinate  adoption  of  five  chief 
groups  appears  forced,  and  without  a  sufficient  reason,  if  also  we  cannot 
detect  in  what  relation  the  osculant  groups  stand  in  the  system  of  the 
author  to  the  chief  ones,  whether  they  are  equivalent  or  subordinate, 
and  if,  lastly,  the  Hemiptera  are  incorrectly  divided  into  two  orders, 
and  the  entire  order  of  the  Trichoptera  must  be  considered  as  artificial, 
as  the  Phryganea,  Semblodes,  and  Tenthredonodea  are  united,  we 
must  yet  admit  that  the  author  has  exhibited  considerable  skill,  correct 
judgment  and  knowledge  of  the  whole,  and  that  his  system  as  an  essay 
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to  arrange  the  animal  world  from  this  point  of  view,  must  not  be  con- 
sidered as  without  its  use^  or  wholly  unsuccessful^  althoi^h  his  propo- 
sitions are  not  fully*  solved. 

§  352. 

We  have  still  to  explain  the  system  which  we  have  ourselves  sketched, 
and  which  we  communicated  partially  in  the  introduction.  To  do  this 
we  refer  to  the  chapter  upon  the  metamorphoses,  where  we  gave  our 
arrangement  of  the  entire  animal  kingdom^  and  the  relation  of-  insects 
to  other  animals.  We  there  discovered  that  its  physiological  character 
was  its  organisation  as  a  motive  animal,  that  is,  its  division  into  seg- 
ments and  joints,  but  which  were,  however,  collected  into  three  chief 
divisions.  We  do  not  find  this  division  into  three  parts  in  any  other 
annulose  animal ;  and  as  we  again  find  a  similar  separation  in  the  most 
perfect  of  the  Fertebrata,  we  may  conclude  that  insects  are  the  most 
perfect  of  all  the  Annulosa.  To  attain  this  most  perfect  grade  insects 
require  a  gradual  development,  which  displays  itself  in  their  transition 
through  the  earlier  animal  forms  and  organisations.  This  we  deno- 
minate their  transformation,  or  metamorphosis.  Tlie  more  marked 
the  transformation  the  more  heterogeneous  is  the  individual  in  the 
several  stages  of  its  existence;  and, as  all  insects  proceed  from  the 
same  p<nnt,  those,  necessarily,  whose  metamorphosis  we  call  complete 
must  attain  a  higher  grade  than  the  rest,  which  transform  themselves 
incompletely.  We  thus  obtain  two  chief  groups  among  insects,  which 
we  distinguish  as  Insecta  ametabola  and  Insecta  metabola,  but  in  a 
different  sense  to  that  understood  by  Leach.  Both  commence  a  new 
development  in  the  organisation  of  the  mouth,  as  they  at  first  exhibit 
to  us  abortive  setifbrm  oral  organs,  only  adapted  to  suction,  but  in  the 
higher  grades  these  suctorial  organs  develope  themselves  into  free 
mandibles,  with  a  lip  covering  them.  Thus  each  group  has  Insecta 
haustellata  and  Insecta  mandibukUa.  Each  of  these  groups  may  then 
be  further  subdivided  according  to  the  form  of  the  larva,  the  structure 
of  the  wings,  and  the  entire  internal  organisation  and  these  divisions  con- 
stitute their  orders.  We  thus  obtain  an  arrangement,  the  principles 
of  which  are  deduced  from  the  idea  of  the  entire  insect,  and  which,  as 
this  idea  becomes,  separated  according  to  its  several  characters  and  con- 
stituents, it  consequently  necessarily  and  spontaneously  forms  itself  by 
the  philosophical  laws  of  thought     It  is  the  following.: — 
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I.  Insecta  ametahola. 

The  larva  resembles  the  perfect  insect^  jet  it  wants  wings  if  the 
perfect  insect  be  winged;  the  pupa  in  Uiis  case  have  their  rudi- 
ments ;  it  runs  about  and  eats. 

a.  With  sucking  mouths^  which  consist  of  four  fine  sets,  lying 

in  a  sheath ;  palpi  are  wanting;  four  biliary  vessels,  and 
generally  a  free  prothorax. 

1.  Order  Hetniptera* 

b.  With  mandibulate  mouths :  mandibles  and  maxills  distinct, 

the  latter  having  palpi,  and  generally  distinct  large  supe- 
rior lip. 
a.  Four  unequal  vmigs;  the  anterior  ones  leathery  or  pardi« 
menty,  the  posterior  ones  folded  longitudinally  and  also 
once  transversely;  prothorax  always  free;  many  biliary 
vessels. 

2.  Order  Orthopiera. 

/3.  Four,  generally  equal,  more  rarely  unequal  wings,  never 
folded,  or  sometimes  none  at  all:  in  the  first  case  the 
nervures  are  usually  reticulated,  and  generally  many  biliary 
vessels ;  in  the  last  case  four  biliary  vessels,  attached  to 
the  intestine ;  prothorax  sometimes  free,  sometimes  not. 

3.  Order  Dictyotoptera, 

II.  Insecta  melaboia. 

The  larva  is  a  worm,  consisting  of  thirteen  s^ments,  either  with 
or  without  legs;  the  pupa  is  quiet,  or  if  it  moves  it  does 
not  eat. 

a.  Four  equally  large  or  equaUy  long  wings,  with  reticalated 

nervures ;  mandibulate  mouths ;  few,  four  or  eight,  biliary 
vessels,  rarely  more  ;  prothorax  always  free. 

4.  Order  Neuroptertu 

b.  Wings  always  unequal,  the  posterior  ones  sometimes  want- 

ing^ rarely  alL 
a.  Moadts  adapted  to  sucking, 
a.  d.  Instead  of  posterior  wings  there  are  pediculated  knobs, 
yet  the  wings  are  sometimes  wholly  wanting ;  four  biliary 
vessels ;  larvas  apods;  a  soft  proboscis  in  the  mouth,  with 
several  set«  and  apair  of  palpi ;  prothorax  not  free. 

5.  Order  Dtptera, 
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bm  b.  Four  wings,  generally  coYered  with  scales ;  six  biliary 
vessels ;  larvae  with  feet  and  a  distinct  head ;  the  maxillae 
forming  a  spiral  toi^e;  prothorax  not  free,  but  small, 
and  closely  connected  with  the  mesothorax. 

6.  Order  Lepidopterc^ 

p.  Mouths  with  distinct,  biting  mandibles. 
a.  a.    Four  naked   wings  traversed  by  ramose    nervures; 
larvse  generally  without  head  and  feet,  but  sometimes  with 
both ;  many  biliary  vessels ;  prothorax  not  free. 

7.  Order  Hymenoptera, 

b>  h.  Anterior  wings,  horny  elytra ;  larvae  with  head,  with  or 
without  feet ;  four  or  six  biliary  vessels;  prothorax  always 
free. 

8.  Order  Coleopiera. 

Our  system  is  not  acquainted  with  an  order  Aptera,  which  we  have 
found  in  the  majority  of  the  others,  as  in  every  case  it  is  artificial,  and 
must  embrace  insects  of  the  most  dissimilar  orders.  The  most  distinct 
proof  in  support  of  this  assertion  is  furnished  by  the  circumstance  that 
we  find  in  the  same  family  winged  and  apterous  genera,  contiguous 
together,  and,  indeed,  in  many  genera  which  we  have  before  enu- 
merated, the  males  winged,  and  the  females  apterous.  From  the  prin- 
ciples of  the  system  we  might  expect  a  group  containing  insects  with- 
out any  metamorphoses,  but  there  cannot  be  such  an  one,  as  the  idea 
of  an  insect  would  be  thereby  annulled.  All  true  insecta  whom  aneti^ 
morphosis  has  been  denied  by  other  entomologists  belong  to  the  group 
with  an  imperfect  metamorphosis,  and  were  only  considered  as  deficient 
in  it,  because  in  them  the  organ  is  wanting  in  which  we  detect  the 
imperfect  metamorphosis.  If,  for  instance,  an  insect  remains  apterous 
throughout  its  whole  life,  it  loses  the  organ  by  which  we  distinguish 
the  imperfect  metamorphosis,  but  in  other  respects  its  development  is 
conformable  to  those  with  an  imperfect  metamorphosis.  We  have 
therefore  applied  the  name  given  by  Leach  to  those  apterous  insects,  to 
all  with  an  imperfect  metamorphosis,  for  in  fact  there  is  no  difference 
in  the  processes  of  development  in  each.  This  is  the  guide  to  the 
correct  estimation  of  our  system. 

A  difference  of  opinion  may  exist  upon  the  application  of  the  Lin- 
nsan  names  to  our  orders,  as  manv  orders  contain  entire  families  to 
which  those  names  do  pot  apply,  for  instance,  apterous  insects.  But  I 
think  it  better  to  retain  an  old  characteristic  name,  than  by  means  of 
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new  ones^  formed  upon  new  principles^  to  increase  the  already  innn- 
merable  host  of  names.  Groups  that  are  so  multiform  as  are  the  higher 
ones  of  a  natural  system  can  scarcely  be  distinguished  by  one  name, 
and  composed  of  many^  as  would  be  requisite  in  the  present  instance ; 
as>  for  instance^  Insecta  ametahola  haustelkUa  or  Ifuecta  metabola 
mandibulata  elytroptera  appear  still  less  appropriate ;  we  have  there- 
fore  retained  Linnaeus^  as  the  most  ancient^  but  have  applied  them  to 
differently  determined  groups. 


THIRD  CHAPTER. 

OF    NOMENCLATURE. 


§  353. 

System  has  not  only  to  attend  to  the  division,  but  also  to  the  naming 
of  natural  bodies ;  this  is  important,  as  names  serve  us  as  the  means 
of  distinguishing  groups  which  differ  from  the  rest  by  certain  cha- 
racters and  qualities.  Thus  the  names  of  insects  are  as  important  to 
the  entomologist  as  the  words  of  his  mother  tongue  to  man  in  general ; 
were  there  no  words  there  could  be  no  communication  of  ideas,  for  they 
are  the  means  to  express  and  characterise  them.  Without  the  groups 
being  named,  naturalists  could  not  communicate  together,  and  without 
a  distinction  of  the  known  and  discovered  all  would  speedily  return  to 
its  former  obscurity :  there  is,  consequently,  in  natural  history  a  dis- 
tinct chapter,  which  treats  of  the  doctrine  of  naming,  and  which  is 
technically  called  the  nomenclature.  Nomenclature  propounds  the 
laws  whereby  names  must  be  formed,  and  investigates  the  correctness 
of  existing  ones,  by  the  principles  of  grammar  and  language.  Linncus 
is  the  originator  (>f  this  division  of  natural  history ;  he  was  the  first  to 
introduce  systematic  names  into  natural  history :  before  him  it  was 
customary  to  call  animals  according  to  their  vulgar  name,  or  by  that 
imposed  by  the  ancients.  By  the  introduction  of  these  scientific,  fixed, 
and  universally  valid  names  Linnaeus  has  doubtlessly  acquired  his 
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greatest  merit  in  science^  and  if  everything  else  should  be  forgotten  that 
he  has  done^  this,  which  is  wholly  his  work,  will  secure  his  name  from 
forgetfulness. 

§  354. 

The  groups  to  be  distinguished  by  separate  names  are  those  of  which 
w«  have  treated  in  the  first  chapter  of  this  section ;  for  every  species, 
genus,  and  higher  group  has  its  distinct  name.  With  respect  to  the 
form  of  these  names,  Linnaeus  determined  that  the  names  of  genera, 
and  of  all  the  higher  groups  should  be  substantives,  whereas  those  of 
species  must  be  acyectives  which  should  refer  to  the  substantive  name 
of  the  genus.  This  mode  of  distinction  has  the  advantage  of  requiring 
fewer  substantives  than  if  all  the  species  were  to  be  named  by  them ; 
and  also  the  same  distinguishing  adjective  can  be  applied  in  many 
genera,  which  would  not  be  the  case  if  substantives  were  used.  It  is 
indeed  also  allowed  to  use  substantives  as  the  names  of  species,  but 
then  they  are  proper  names,  and  are  not  to  be  understood  without  the 
addition  of  the  genus.  Thus  Linnaeus  distinguished  most  of  the  but- 
terflies by  giving  them  mythological  or  historical  names,  for  example, 
Papilio  Priamus,  P.  Hector,  P.  Hecuba,  &c. 

§  355. 

The  structure  of  the  generic  name,  as  the  chief  word  for  the  distinc- 
tion of  the  lowest  groups,  will  first  occupy  us.  The  most  appropriate 
name  for  a  genus  would  certainly  be  that  which  at  the  same  time  cha- 
racterises it.  Fabricius,  indeed,  maintained  op/tma  nomina,  gu€B  omnino 
nU  significant,  but  we  do  not  participate  in  this  opinion ;  a  name 
that  expresses  a  character  is  in  every  case  better  than  an  absolutely 
foreign  and  unmeaning  one.  But  every  one  in  this  may  follow  his 
own  opinion,  and  he  who  has  discovered  a  genus  has  the  privilege  of 
naming  it,  be  it  by  cities  (Edessa),  rivers  (Halys),  or  heroes  {Poly" 
phemus)^  and  maidens  (Dapknia,  Cypris).  If,  however,  the  name 
expresses  the  character,  and  is  formed  for  this  purpose  by  composition, 
this  must  follow  the  laws  of  grammar  and  language,  and  is  not  allowed 
the  same  caprice  as  the  choice  of  the  name  itself ;  here  choice  can  make 
but  the  first  step,  all  the  rest  are  subject  to  immutable  laws.  By  not 
following  these  laws  compound  words  have  been  recently  formed,  which 
scarcely  bear  the  least  trace  of  what  they  should  properly  be,  and 
words  have  been  made  which  neither  Greeks  nor  Romans  would  admit 
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to  be  theirs,  although  they  have  been  published  as  derived  from  the 
Greek  and  Latin.  Fortunately,  entomology  is  less  encambered  with 
these  monstrosities  than  other  portions  of  zoology^  for  instance,  orni- 
thology^ and  yet  we  should  have  to  sweep  long  before  we  cleansed  away 
all  the  rubbish.  We  must  therefore  be  satisfied  with  stating  some  of 
the  laws  by  whicE  such  names  should  be  formed. 

1.  The  words  intended  to  compose  the  name  must  be  of  the  same 
language.  There  were  many  delinquencies  against  this  natoral  law 
even  formerly,  for  instance^  Monoculus,  Insectology,  &c  It  would 
require  too  many  innovations  to  remove  all  such  hybrid  words ;  but  let 
no  new  ones  be  thus  formed^  for  it  is  opposed  to  the  fundamental  laws 
of  language. 

2.  A  Latin  word  cannot  receive  a  Greek  termination,  nor  can  a 
Greek  word  a  Latin  one^  but  entire  Greek  words  may  be  tranamnted 
into  Latin.  Grammar  teaches  the  modifications  the  word  undergoes 
in  this  case ;  its  explanation  would  here  lead  us  too  f&r.  Cidndelet^  is 
erroneousi  for  Cicindela  is  Latin^  and  eta  is  doubtlessly  from  the 
Greek  termination  in/r ;  it  should  therefore  be  Cicindelina. 

3.  New  words  may  be  formed  either  out  of  two  substantives  or  a 
verb  and  substantive,  or  an  adjective  and  substantive,  or  a  prepositioa 
and  a  substantive. 

In  every  case  the  rule  is  that  the  chief  idea  stands  behind,  appended 
to  the  root  of  the  first  word,  and  generally  with  an  inserted  vowel.  In 
Greek  words  this  vowel  is  o,  and  in  Latin  words  t  •  If  the  second  snb- 
atantive  in  Gh*eek  commence  with  a  vowel,  the  o  is  contracted,  or  cut  off, 
in  Latin  the  t  is  omitted.  But  this  rule  does  not  obtain  in  every  case ; 
exceptions  are  sometimes  admitted,  which  analogies  determine,  for 
example,  Gloswtheca  is  derived  from  ykHatra  and  BffK/f ;  the  root,  after 
rejecting  the  termination,  of  the  genitive,  is  ykwra,  therefore  ykMoiro^^ 
in  Greek.  Fissipes  comes  from  fisnu  and  pes  ;  fiss  is  the  root,  thence 
Jissipex*  Linnaeus^s  word  Myrmeleon  is  wrong,  as  it  comes  £pom  iwpiBf^ 
and  \ivivy  it  should  therefore  be  called  Myrmecoleon,  for  fwpM(  ^  the 
root,  and  not  fwpfaj,  Latreille  incorrectly  writes  Melasama,  whereas 
it  should  be  Melanosomata,  for  fUXa£  has  in  the  genitive  fisXapot,  and 
therefore  fu\a»  is  the  root,  not  fUka, 

In  prepositions  the  connecting  vowel  remains  away  if  they  terminate 
in  a  vowel,  for  instance,  Metathorax  from  farn  and  SApa(,  Even  this 
vowel  is  rejected  if  the  following  word  commences  with  a  vowel. 

If  the  second  word  in  composition  be  a  verb  there  is  appended  to 
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the  root^  in  Greek  words^  the  terminations  or,  f,  and  ov,  which  are 
transformed  in  Latin  into  us,  a,  and  i«fn.  Many  verbs*  also  in  this 
composition  transmute  a  vowel  of  the  root,  for  instance,  <^po  does  not 
form  4>€po£,  but  4>^po£,  thence  Aspidiphorus,  In  Latin  verbs  %ts  is 
appended  similarly,  for  example,  Carnivarus,  derived  from  caro,  gen. 
carnis,  root,  cam  and  vorare,  root  vor,  thence  varus,  the  t  is  the  in- 
serted vowel,  whence  we  have  camivorus. 

4.  New  generic  names  are  formed  chiefly  from  Greek  words,  partly 
because  Greek  compounds  are  more  harmonious,  and  partly  because  the 
Greek  is  richer  in  words,  and  more  flexible  than  the  Latin. 

§  356. 

The  laws  are  the  same  for  the  composition  of  the  names  of  groups. 
With  respect  to  the  form  of  the  generic  name  itself,  it  can  only  be 
altered  when  urgent  circumstances  demand  it,  for  the  name  is  sacred, 
and  no  one  dare  touch  it  with  impunity.  Two  circumstances  only, 
namely,  £Edse  construction  and  previous  application,  warrant  its  altera- 
tion. The  sex  of  the  generic  name  is  optional,  and  may  be  left  wholly 
to  the  taste  of  the  originator,  but  within  certain  groups,  Avherein  a  certain 
aex  has  been  introduced  for  the  genera,  it  is  as  well  to  continue  it  for  the 
sake  of  uniformity.  The  genera  Carahus,  Anihia,  Cahsomay  Bembu 
dium  stand  together  in  one  family,  notwithstanding  their  difference  of 
sex.  But  if  a  new  genus  be  separated  from  an  old  one  the  sex  must 
be  leffc  unaltered,  else  it  may  too  easily  occasion  confusion  and  misun- 
derstanding in  the  specific  names. 

Generic  names  consisting  of  two  separate  words,  as  we  find  them  in 
the  older  writers,  Fabricius  justly  rejects,  for  example,  Ray's  Vespa 
Ichneumon  for  Ichneumoti,  or  Petiver's  Musca  apiformis  for  Bom- 
hflius,  &c.  Whereas  Fabricius  goes  too  far  when  he  wishes  to  reject 
words  composed  of  two  Latin  substantives,  as  Gr^llotalpa,  Lin. 
Generic  names  that  sound  badly,  or  are  too  long  (nomina  sesquipe- 
dalia  et  enuniiaiu  difficillimd)  must  also  be  avoided,  as  well  as  such 
as  have  objectionable  double  meanings  *• 

If  a  new  genus  be  separated  from  an  old  one,  the  best  known  and 
commonest  species  must  be  left  with  the  old  name,  and  a  new  one  must 
be  invented  for  the  rarer  ones :  hence  Linnaeus 's  Scarabaus  stercorarius, 

*  Fabricius,  Phllofiophia  EntomoLogica,  p.  115.  §  32. 
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18  more  appropriately  called  in  Fabricius  Scarabaus,  than  in  Latreille 
Geolrupeif,  for,  next  to  the  cockchafer^  itls  the  commoiteat  of  all  Lin- 
naeus' Scarabei. 

§  357. 

Family  groups  were  deficient  in  the  older  systems,  and  therefwe  also 
family  names ;  but  as  the  families  have  been  chiefly  formed  from  the 
external  resemblance  of  their  individuals,  it  appears  appropriate  to 
express  this  conformity  in  the  name,  and  they  are  therefore  caUed 
after  the  best  known  genus.  Tb«8  Jnssieu  proceeded  when  he 
devised  names  for  his  natural  families  of  plants.  They  took  the  form 
of  an  adjective,  as  the  substantive  planta  was  tacitly  understood  ;  all 
therefore  required  the  feminine  gender,  for  example,  Malvaceie,  Gra- 
tninecR^  &c. 

Latreille,  the  first  founder  of  families  among  insects,  selected  also 
generally  the  adjective  form,  but  he  did  not  consider  that  the  word 
insectum  was  to  be  understood,  and  that,  consequently,  they  should  be 
neuter.  The  gender  of  these  names  appeared  to  him  indifferent,  and 
we  thence  find  in  the  same  order  every  possible  form,  for  example^ 
CicindeleUB,  Carabid,  Malacodermi,  PimeliaruB,  Melosom^e,  Bru^ 
chela,  Rhyncottoma,  &a  But  aU  adjectives  must  necessarily,  even 
when  they  stand  alone,  refer  to  an  understood  substantive,  which  in 
this  case  can  be  no  other  than  insectum  or  insecta,  and  therefore  all 
generic  names  must,  according  to  the  first  grammatical  rule  that  the 
predicate  shall  agree  with  its  subject  in  gender,  number,  and  case,  be 
in  the  neuter.  Latreille  s  family  names  must  therefore  be  corrected  by 
this  and  the  previously  instituted  laws.  Let  us  examine  more  closely 
the  way  in  which  he  and  others  have  constructed  the  names  of  families. 

§  358. 

Four  different  paths  have  been  followed  in  the  structure  of  family 
names. 

The  first  is  that  pursued  by  Jussieu  in  botany,  namely,  to  form  an 
adjective  name  from  the  chief  genus  of  a  family  for  its  distinction,  and 
by  means  of  this  name  to  indicate  its  resemblance  ^vith  a  known  form. 
This  process  appears  to  be  the  best,  in  the  first  place,  because  we  can' 
never  be  at  a  loss  for  a  family  name,  and  secondly,  because  these  adjec 
tives  are  easily  formed,  and  merely  the  knowledge  of  the  d^ivation  of 
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the  generic  name,  whether  it  be  from  the  Latin  or  the  Greek,  is  re- 
quired. But  then  regard  must  be  had  to  the  form  of  the  termination 
of  the  adjective,  as  this  is  always  determinate  for  certain  purposes. 
The  termination  of  adjectives  derived  from  animals  is  always  €m  in 
Greek,  and  in  Latin  inus  ;  it  is,  consequently,  with  these  terminations 
that  generic  names  must  be  formed  into  femily  names.  Thus,  for 
instance,  from  SyrphuM  we  must  form  the  family 'name  Syrpkea, 
because  the  ci  in  its  transit  into  Latin  becomes  long  e,  as  in  Pythago- 
reus,  derived  firom  UvBaydpttof,  From  the  Latin  word  Cicindela  we 
should  make,  according  to  this  rule,  Cicindilina,  and  not  with  Latreille, 
Cicindeleta.  The  terminations  actus,  a,  urn,  which  Jussieu  introduced 
into  the  families  of  plants,  express  the  resemblance  to  the  object  of 
the  root  of  the  word,  and  conld  therefore  be  perfectly  correctly  applied 
also  in  Latin  generic  names,  yet  the  termination  inus  should  be  pre- 
ferred, as  it  is  the  most  usual  and  common  to  indicate  a  derivation  from 
animals)  as  Asininus,  Equinus^  OvinuSf  &c. 

§  359. 

A  second  adjective  termination  for  family  names  is  that  which  has 
originated  from  the  composition  with  tTl^s,  which  the  Greek  termina- 
tion ocidiyr  or  m^ffs  gives.  It  also  expresses  a  resemblance  with  the  idea 
of  the  root,  but  can  only  be  united  with  such  words  as  originate  from 
the  Greek.  We  nevertheless  find  in  Linnaeus  errors  against  this  rule, 
for  example,  Curculionides  derived  from  Curculio.  Error  has  fre- 
quently happened  from  appending  this  termination  to  the  nominative,  as 
it,  which  is  the  case  in  all  compounds,  should  be  added  to  the  root,  con- 
sequently to  the  genitive  upon  the  rejection  of  the  genitive  termination. 
The  Romans,  as  fiv  as  I  know,  have  received  no  Greek  word  thus 
formed  into  their  language,  and  we  can  therefore  merely  decide  by 
analogy  upon  the  transmutation  that  must  take  place  upon  this  transi- 
tion. In  Greek  they  are  of  the  common  gender,  and  are  declined  by 
the  third  contracted  declension,  consequently,  upon  their  transition 
into  Latin,  they  would  most  appropriately  follow  the  third  declension 
also,  and  their  inflexions  be  made  analogous  to  original  Greek  words.  I 
have  thus  treated  these  names,  buthave  left  the  uncontracted  Greek  form 
always  in  the  neuter,  for  the  sake  of  distinction,  as  Carahodea  instead 
of  Carahoda.  It  is  still  doubtful  whether  we  should  use  aides  or  odes, 
as  both  forms  exist  in  the  classics,  for  instance,  in  Aristotle  Kapafio€t^s 
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and  Kopafi^t^s,  Buttman  giyes  the  form  oides  as  the  most  correct^ 
because  tihos  has  in  the  ancient  language  the  digamma ;  bat  I  htTC 
chosen  the  contracted  form,  as  it  is  shorter,  and  because  it  is  more 
frequent  in  Aristotle. 

§360. 

Besides  these  adjective  forms  substantives  have  been  used  to  distin- 
guish families ;  latterly,  namely,  Greek  patnmymics  have  been  applied 
to  the  construction  of  family  names,  but  these  also  can  only  be  formed 
of  true  Greek  words.  If  in  the  Latin  poets  forms  such  as  RoBotiida 
exist,  prose  absolutely  rejects  them,  and  the  language  of  naturalists  is  u» 
poetry,  but  a  scientific  and  consequently  pure  prose*  If,  on  the  con- 
trary, they  be  applied  to  Greek  names,  they  must  be  declined  according 
to  the  first  declension ;  upon  transition  into  Latin  all  are  then  true 
masculines. 

Other  substantives  originate  by  the  compounding  of  two  words, 
according  to  the  above  rules.  Names  like  the  following  are  fake, 
Melosoma,  Tcuncames,  Myrmeleonides ;  they  should  be  MelanonmaUiy 
Taxocera  (for  cornu  is  Latin  and  ni^r  Greek),  Myrmecoleonioidei. 

The  substantive  termination  ites,  which  LatreiUe  so  frequently  applies 
to  ftEimily  names,  is  Greek,  and  therefore  can  be  appended  only  to  soch 
words  as  are  of  Greek  origin.  It  is  always  of  the  masculine  gender, 
and  distinguishes  some  relation,  and  therefore  a  resemblance  with  the 
object  represented  by  the  root.  It  may  therefore  be  unquestionably 
used  for  the  structure  of  substantive  £imily  names ;  but  names  like 
Curcultanites,  CrabronUes,  are  erroneous,  as  CurcuUo  and  Crabro  are 
of  Latin  origin. 

§  361. 

The  names  of  the  higher  groups  of  the  tribes  and  orders  are  in 
general  formed  of  two  words,  generally  substantives,  compounded 
according  to  the  above  rules.  It  is  seldom  requisite  to  form  new  names 
for  such  groups,  as  those  existing  are  sufficient,  and,  at  least  in  insects, 
the  orders  were  determined  very  naturally  even  by  Linnaeus.  Although 
our  system  proceeds  from  different  views  to  the  Linnsean,  we  have  yet 
retained  the  names  of  his  orders,  as  they  are  everywhere  known,  and 
everybody  already  connects  an  idea  with  them.  The  names  of  classes  also 
have  been  already  correctly  distinguished  by  early  naturalists,  and  even 
by  the  common  man  in  his  mother-tongue,  so  that  we  scarcely  require 
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them ;  but  it  is  only  among  the  lower  animals  that  new  ones  are  neces- 
sary, yet  those  already  existing  well  enough  suffice  to  distinguish  even 
them.  But  if  new  ones  are  to  be  formed  they  must  be  constructed 
by  the  above  rules.  It  is  also  endeavoured^  even  in  the  higher  groups^ 
to  express  their  character  in  their  names* 

§  362. 

Specific  names  (nomina  irivialia)  are  formed  in  three  ways:  they 
are  either  pure  adjectives  or  substantives^  in  apposition  to  the  generic 
name^  or  the  genitive  of  the  predicate^  which  expresses  a  relation  to 
the  thing  whence  the  name  is  derived. 

The  adjectives  are  usually  deduced  from  the  most  remarkable  and 
striking  quality  of  the  insect,  and  refer  to  form,  colour,  general  cloth- 
ing, sculpture,  sise,  &c.  &c.  It  is  scarcely  possible  to  give  general 
rules  for  their  imposition,  it  must  be  left  to  the  tact  of  every  one  who 
names  species  to  select  appropriate  names.  This  is  a  subject  in  which 
the  naturalist  can  exhibit  much  skill,  and  we  cannot  in  tliis  respect 
sufficiently  admire  the  talent  of  the  immortal  Linnaeus  :  Fabricius  has 
also  in  general  invented  good  names.  Comparative  names,  however, 
are  not  adapted  as  specific  names,  as  we  do  not  always  know  whether 
the  species  which  we  distinguish  as  the  smallest  is  actually  the 
smallest ;  but  when  once  applied  we  must  leave  them  where  we  find 
them,  if  they  do  not  become  incorrect  by  the  discovery  of  one  surpassing 
them.  Fabricius  endeavours  also  to  discountenance  specific  names 
derived  from  the  time  of  appearance,  &c.,  but  in  this  he  probably  goes 
too  for ;  if  the  field  be  too  much  contracted  we  shall  ultimately  find  no 
adjectives  for  specific  names.  Some  insects  likewise  frequent  very 
determinate  places,  and  why  then  should  they  not 'be  named  after  it  ? 
It  however  sometimes  happens  that  animals  have  names  that  are  not  at 
all  appropriate  to  them,  for  instance,  the  genus  Eupkone  among  the 
birdsy  the  species  of  which,  travellers  say,  do  not  sing  at  all. 

§  363. 

Specific  names  formed  of  substantives  refer  either  to  the  resemblance 
which  insects  have  to  the  object  represented  by  its  name,  be  this 
expressed  in  form,  colour,  or  any  other  quality ;  thus  is  Ampkicoma 
vulpe*  rough,  like  a  fox,  and^of  the  same  yellowish  colour.  Or  they 
express  a  significant  comparison,  and  are  the  sports  of  the  fancy  of 
the  namer,  for  instance,  Cerambifx  heros,  Geoirupes  Hercuks,  6lc. 
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Thus  Linnaeus  has  wished  to  indicate  the  beauty  of  the  butterflies  by 
giving  them  names  from  the  mythology  and  the  mythic  history  of  the 
Greeks^  and  restored  th^  heroes  and  gods  of  the  infiuicy  of  the  human 
race  in  them  ;  we  here  again  find  Apollo  and  the  Muses,  Jason  and  his 
companions^  and  the  vigorous  warriors  of  the  plains  of  Troy. 

The  genitive  of  the  predicate  is  also  of  a  double  kind.  In  the  one 
case  it  exhibits  the  locality  of  the  insect,  either  in  its  larva  or  perfect 
state.  In  this  case  the  substantive  is  either  the  name  of  the  plant  or 
animal  upon  which  the  insect  lives  as  a  parasite,  or  parts  of  them, 
when  they  dwell  only  on  certain  parts,  for  example,  Apion  ulicis,  Ceu^ 
torhynehus  echii,  Balaninus  nucumy  (Estrus  ovis,  Gatirui  equi, 
Pedieuhu  capitis,  &c.  The  second  kind  of  genitives  of  the  predicate 
consists  of  the  names  insects  have  received  in  honour  of  meritorious 
entomologists,  the  person  imposing  the  name  wishing  thereby  to  ex- 
press his  estimation  for  such  individuals,  for  their  scientific  exertions. 
Thus  we  have  Carahus  Linnet,  C  Fabricii,  C.  Germari,  C.  Sckon* 
herri,  &c«  But  latterly  there  has  been  too  much  liberality  in  thus 
wftin^wg  after  individuals,  for  mere  collectors,  known  to  nobody  but  the 
namer  himself,  have  been  thus  immortalised.  In  these  instances  the 
idea  spontaneously  suggests  itself,  that  the  namer  has  thereby  wished 
to  raise  his  friend  to  the  rank  of  those  entomologists  who  have  promoted 
the  science  by  their  study  and  industry,  and  consequently  thus  express 
the  esteem  in  which  he  holds  their  works.  But  he  who  cannot  distin* 
guish  between  the  merits  of  a  naturalist  and  a  collector  had  better  be 
silent,  lest,  by  uttering  a  word,  he  should  betray  himself. 
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FaoNTispiECE.  1,  Carabus  niteru,  F.  2,  Eucerot  crassicornU,  Grav.  3, 
HemerMus  concinnus,  Steph.  4,  Poli/ommafus  Adimist  Lat.  5,  Anomoia 
Gaediiy  Wall.  6,  Blatta  Germanica,  L.  7,  Acrida  varia^  Kirb.  8,  Corizrts 
Hyoscyami,  Fall. 

[^//  Me  a&ove  insects  are  British,  and  all  but  No,  3  in  my  own  collection, — ^Tr.] 


*•*  All  the  figures  to  whkh  no  authority  is  placed  are  from  the  author's  dntwinga. 


Plate  I.  Figure  1 ,  Hemispherical  egg  of  Gastropacha  dumeti  (Knoch).     Fig.  2, 
Conical  egg  of  Pontia  Napi  (Sepp.)     Fig.  3,  CyliDdrical  egg  of  Gastropacha 
everia  (Knoch).      Fig.  4,  Hairy  egg  of  the  same,  a,  spot  where  the  hair  is 
rexnoved,  and  the  eggs  exposed  to  yiew.     Fig.  5,  Tun*shaped  egg  of  Vassessa 
Urtiea  (Sepp.).    Fig.  6,  Lenticalar  egg  of  Noctua  psi  (Sepp.).    Fig.  7,  Convex 
and  ribbed  egg  of  Hipparehia  THthous  (Sepp.).    Fig.  8,  Flat  lenticular  ribbed 
egg  of  Noctua  Orion  (Sepp.).      Fig.  9,  The  egg  of  Phalena  prunata^  with  an 
apparent  cover  (Sepp.).     Fig.  10,  Cup-shaped  egg  of  Orgyia  andqua  (Sepp.). 
Fig.  11,  Turban-shaped  egg  of  Lyceena  BetuUs  (Sepp.).    Fig.  12,  Flask-shaped 
egg  of  CulA  pipiens  (Reaumur).    Fig.  13,  ThumbstaU-shaped  egg  of  Argynnis 
Lathoma  (Sepp.).    Fig.  14,  Petiolated  eggs  of  Hemerohtus  perla  (Reaumur). 
A, Natural  size.    B,  One  enlarged.    Fig.  15,  Contiguous  eggs  of  Gastropacha 
Neustria(ib,).    Fig.  16,  Petiolated  egg  of  Ophion  luteus  (Kirby  and  Spence). 
Fig.  17,  Eared  egg  of  Scatophaga  putris  (Reaumur).     A,  F'rom  the  front. 
B,  From  the  side.    Fig.  18,  Tailed  egg  of  Eanatra  linearis  (Geoffrey).    Fig.  19, 
Crowned  egg  of  Nqm  einerea.    A,  Two  eggs  as  thej  hang  together  (Kirby  and 
Spence).     B,  One  with  the  distended  crown  (Rosel).      Fig.  20,  Cylindrical^ 
pointed  egg  of  SiaUs  lutarius  (Suckow).    Fig.  21 ,  Elliptical  egg,  with  the  larva 
seen  through,  of  Sphinx  lAgustri  (Sepp.).      Fig.  2S,  Globose  egg,  with  the 
larva  shining  through,  of  a  iVoc^ua  (Sepp.).    Fig.  23,  Egg  shell  of  the  egg  of 
Gastropacha  Pini  (Suckow).     Fig.  24,  Embryo  with  the  membran es  of  G^ojfro- 
paeha  Pini  (Suckow).     A,  Head  of  the  embryo,  with  the  already  visible  eye 
points.    B,  Its  body.    C, Space  in  which  the  amnion  is  contained,    a  a  a.  The 
amnioo.    bhh.  The  chorion,    c  c.  Tracheae,  which  distribute  themselves  upon 
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the  superior  surface  of  tbe  amnion,    d.  Main  stem  of  the  trachea,  which  lies 
beneath  the  germen. 

PI.  IT.  Fig.  I,  Headless  maggot  of  Jfuica  vomitoria.    A,  a.  The  hook-shaped 
sets  projecting  from  the  mouth.     B,  The  flat  tail,      a  a.  The  two  stigmata. 
b  b,  The  coronet  of  fringe  surrounding  them.    €  c.  The  pedal  warts.    Fig.  2, 
The  catlerpillar,  with  anal  feet  only,  ofCEcophora  Rajella  (Dc  Geer).     Fig.  3, 
Maggot  with  a  head  of  Vespa  vulgaris  {ib.).      Fig.  4,  Larva  oX  Lixw  parapUc- 
ticuf,    a,  Head,    ft,  Setiform  feet,    c,  Anal  propellers  (ib.).     Fig.  6,  ftcudo- 
caterpillar  with  five  pair  of  ventral  feet,  and  one  anal  proleg  of  an  Hylotoma 
{ib.y      Fig.  6,  Larva  of  Cetonia  aurata  (ib.).     Fig.  7,  Pseudo-caterpillar  of 
Cimbex  {ib.).       Fig.  8,  Rat-tailed  maggot  of  EristaUs  tenax,     a  a.  Anterior 
air  tubes,    b,  Anus,    c,  External  sheath  of  the  tail,    d.  Internal  tube,    e,  Seti- 
form crown  at  the  apex.  /,  Mouth  with  furcate  mandibles.    Fig.  9,  Caterpillar 
of  Pierit  Machaon  with  the  tentaculs  of  the  neck  extended.    Fig.  10,  Caterpillar 
of  Pltttia  gamma  (Sepp.).    Fig.  11,  Geometer  caterpillar  of  Phalana  betu!aria 
(De  Geer).     Fig.  12,  Caterpillar  without  anal  proleg  of  Harpyia  vinula  (Sepp.). 
Fig.  13,  CaterpilWs  head  with  its  organs,     a,  Upper  lip.    b  6,  Upper  man- 
dibles,   e  c.  Lower  maxillce.    d,  Under  lip  with  the  spinneret.   //,  Antennc. 
g  g^  Eyes.    Fig.  14,  Under  lip  of  the  caterpillar  of  Cosna  ligniperda  seen 
externally  (Lyonet).     a.  Spinneret,     b  6,  Sheath  surrounding  the  base  of  the 
spinneret,    e  c,  Maxillary  palpi,    ddy  Labium.     Hg.  15,  Head  of  the  cater- 
pillar of  Vaneata  prona.        Fig.  16,  Head  of  the  caterpillar  c^  ApaJtwra  iris. 
Fig.  17,  Feet  of  the  caterpillar  of  Costus  ligniperda  (Lyonet).    a.  Part  of  the 
▼ential  membrane,    ft,  Coxa,    c,  Trochanter.   <{,  Femur,  e,  Tibia.  y^Tairas. 
g^  Claw.        Fig.  18,  Ventral  or  proleg  of  the  same  caterpillar  with  a  double 
coronet  of  booklets  (ift.).       Fig.  19,  Pupa  of  Sphinx  Ligustri.    a.  Head-case. 
ft.  Eye-case,    c.  Tongue-case,     d  d,  Leg-cases.    e.  Antenna-case.    /,  Case  of 
the  prothorax.    ^,  Case  of  the  mesothorax.    <2,0f  the  metathorax.    1 1,  Of  the 
ventral  segments,    k  A,  Spiracles.    /  /,  Kirby  and  Spence*s  adminictda.   m.  Case 
of  the  superior  wings,  n,  Of  the  under  wings,  p,  Cremaster.    Fig.  20,  Pendent 
pupa  of  Hipparchia  Egeria  (Sepp.).        Fig.  21,  Enclosed  pupa  of  Musca 
vomitoria*       Fig.  22,  Cremaster  of  the  pupa  of  Nociua  dutimilis  (Knoch). 
Fig.  2^),  Cremaster  of  the  pupa  of  Nociua  lueipara  (tft.).       Fig.  24,  Pupa  of 
neuter  bee  (Swam.).       Fig.  25,  a,  Cremaster  of  the  pupa  of  Harpga  Fagi 
(Knoch).    ft,  Cremaster  of  the  pupa  of  Euprepia  mendica  (tft.) .    Fig.  26,  Bound 
pupa  oiPcnHa  Cratagi.    Fig.  27,  Larva  case  of  Stratiomys  chameleon  (Swamm.). 
a.  Head,    ft.  Coronet  of  sets  around  the  spiracle  at  the  taiL    c  e,  The  pupa 
shining  through. 

PI.  III.  Fig.  1,  Larva  of  Phryganea^  with  the  case  in  which  it  dwells 
(De  Geer).  Tig,  2,  Larva  of  Ephemera,  a  a.  Lateral  branchial  leaves,  ft  ft, 
Rudiments  of  wings  (tft.).    Fig.  3,  Larva  of  Culex.    a,  Air  tube,    h.  Anal 
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tube  (Swamm.).  Fig.  4,  Pupa  of  Cukx.  a  a,  Air  tube  (ib.).  Fig.  5,  Larva 
of  Chironomtu.  a  a,  Air  tubes  at  tail.  6,  Air  tubes  at  breast  (Reaumur). 
Fig.  6,  Pupa  of  Chironomtu,  a  a,  Branchial  fasciculus  on  the  thorax  (ib,). 
Fig.  7,  Larva  of  Cortthra.  a,  Brauchial  fasciculus  at  tail.  6,  First,  and  c. 
Second  pair  of  bladders,  which  stand  in  connexion  with  the  intestiney.  <£, 
Mandible,  e,  Antenn».  Fig.  8,  Pupa  of  Coretkra,  a  a.  Air  tubes,  i  6,  Anal 
leaves  {ib,).  Fig.  9,  Larva  of  SimuliiL  a  a,  Fasciculi  on  the  head,  which  are 
perhaps  palpi,  b  b.  Antennae,  c,  Air  tube  in  the  thorax,  d  d.  Indicated  spi- 
racles, e  e,  Anal  air  tubes  (Verdet).  Fig.  10,  Pupa  of  Simulia,  a  a,  Branchial 
fasciculi,  b  &,  Wing  sheaths,  c.  Head,  d^  Thorax  from  the  back.  e%  Ab- 
domen (ib,).  Fig,  11,  View  from  above  of  the  head  of  Carabut  glabratm, 
A,  Skull,  a,  vertex.  B,  Frons.  6,  Sinciput,  c,  Clypeus.  I,  Labrum. 
O  O,  Mandibles,  y  r»  First  joints  of  the  antennae,  a  a,  Eyes.  Fig.  12, 
Under  view  of  the  same.  D,  Gula.  d,  Swollen  margin  of  the  same.  G, 
Occiput,  d.  Men  turn.  O  O,  Mandibles.  PP,  Maxillae,  a  a,  Eyes.  Fig.  13, 
Lateral  view.  S,  Facies.  £,  Cheek.  F,  Temples,  r.  Socket  of  the  antennas. 
The  other  letters  as  before.  Fig.  14,  Lateral  view  of  the  head  of  Myopa 
Uitaeea,  B,  Frons.  a.  Vertex.  E,  Cheek.  F,  Temples.  O,  Occiput  M, 
Mouth,  c,  clypeus  (hijpoitomay  Meig.).  d,  proboscis,  e,  Whisker.  7, 
Antennae.  Fig.  15,  Labium  of  Vetpa  vulgarii,  aa,  Glandular  points  of  the 
four-lobed  tongue.  6,  Chin,  c  e,  Palpi  (Treviranus).  Fig.  16,  Maxilla  of 
QfcArut  f«sfn»<iM,  from  above.  l,Cardo.  2,  Stipes.  3, Squama.  4,Mando. 
5,  Pftlpus  maxills  intemus,  or  galea,  a.  Basal  joint,  by  Apical  joint.  A ,  palpus 
inaxillans.  e,  The  groove.  Fig.  17,  The  same  from  beneath.  Fig.  18, 
Maxilla  of  Spondyla  bupreitoidety  with  the  same  lettering.  Hg.  19,  Maxilla 
of  MeloUmtha  vnlgarisy  with  the  san»e  lettering. 

PI.  IV.  Fig.  1,  Anterior  view  of  the  head  of  Myopa  testacea.  a  a,  Eyes. 
•7  y.  Antennae,  c  c,  Hypostoma.  d^  Proboscis.  Fig^  2,  Maxilla  of  Copris 
/ttiiarit,  with  the  lettering  as  in  fig.  16  of  preceding  plate.  Fig.  3,  Labium  of 
Cyeknu  rostraiut.  A,  Mentum.  B,  Ligula.  C  C,  Palpi.  Fig. 4,  The  same 
from  within.  A,  Mentum.  B,  The  bilobed  tongue.  Fig.  5,  Lateral  view  of 
the  labium  of  Zocusta  virufimnui.  a,  Superior  lobe  of  the  mentum,  forming 
the  true  mentum.  &,  Basal  joint  of  the  left  palpus,  c.  Basal  portion  of  the 
mentum.  dj  The  loose  tongue.  Fig.  6,  Head  of  Ateuchus  sacer,  a  a,  The 
eyes  (Sturm).  Fig.  7,  Head  of  Truxalis  nasuttts,  a.  Root  of  antenna.  6,  Eye. 
r,  Labrum.  dd^  Maxillary  palpi,  ee,  Labial  palpi.  /,  Labium.  Fig.  8, 
Mandible  of  Hydrophilus  picetu,  a.  Incisor  teeth.  6,  Molar  process,  c.  Lower 
joint  ball,  d^  Superior  bent  joint  ball.  «,  Situation  of  the  third  internal 
process,  where  the  flexor  muscle  is  inserted.  Fig.  9,  Maxilla  of  Lueanus  cervus. 
1,  Cardo.  2,  Stipes.  3,  Squama.  4,  Mando.  5,  Penicillate  lobe.  A, 
Palpus  (Sturm).  Fig.  10,  Maxilla  of  Cicindela  catnpestris.  As  far  as  4  the 
same  as  above,  the  latter  internally  beset  with  teeth,  and  with  a  superior  move- 
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able  tooth,  c.  5,  Internal  maxillorj  palpus,  a.  Basal  joint,  b,  Apical  joint. 
A,  External  maxillary  palpi.  Fig.  II,  Labiam  of  LibMvla,  a.  The  tme 
labium,  h  6,  The  lateral  lobes,  which  appear  to  be  modified  labial  palpi,  2  2. 
These  would  then  be  the  second  joints  of  the  labial  palpus.  Fig.  12,  MaxOla 
of  Sphex  {AtnmcphiU^  arenaria,  1,  Cardo.  2,  Stipes.  3,  Squama.  4, 
Mando,  here  forming  the  membranous  sheath  of  the  tongue  and  labivm. 
a,  Filiform  palpus.  Fig.  13,  Maxilla  of  BarynotM$  obteums.  cr.  Conical 
palpus.  6,  The  maxilla,  with  four  teeth  on  its  inner  edge  (Germar).  Kg.  14, 
Maxillary  palpus  of  Melandrya.  Fig.  15,  Labial  palpus  of  Ox^ponUn  a.  Hie 
groove  which  exhibits  after  the  death  of  the  insect  the  palpal  sariace.  Fig.  16, 
Maxillary  palpus  of  Lymext/lon  navale.  Fig«  17,  Maxillaiy  palpus  of  AiraeUH 
cerui  necydaloida  (Kirby  and  Spence).  Fig.  18,  Maxillary  palpus  of  Bern- 
bidion  (Sturm).  Fig.  19,  Ditto  of  Trechui  (i6.).  Fig.  20,  Ditto  of  Ttwe 
tabulotui.  Fig.  21,  ^iAxiWz,  of  HydrophUta  pieeus.  1,  Cazdo.  2,  Stipes. 
3,  Squama.  4,  Mando.  5,  External  lobes,  consisting  of  a,  the  basal  joiot, 
and  bt  the  hooked,  hairy,  apical  joint.  A,  Palpus,  Fig.  22,  Maxillary  palpus 
of  Grtfllotalpa  fmlgar'u*  a,  The  swollen  palpal  surface.  Fig.  23,  Terminal 
joint  of  the  same  palpus  with  the  dried  up  surface,  a.  Fig.  24,  Labial  palpus 
of  Noetua  l^trix  (Savigny).  Fig.  25,  Ditto  of  Litkoiia  puleheUa  {ib). 
Fig.  26,  Maxilla  of  Banehutfalcator,    The  figures  the  same  as  in  tg.  21  • 

Fl.  V.  Fig.  1,  Proboscis  of  a  Mu$ca.  A,  The  flesihy  lip.  a.  The  pedonde. 
/3,  A  portion  beyond  the  knee.  7,  The  knob.  B,  The  seta  within  the  chan- 
nelled excaration  of  the  lip.  C  C,  The  one-jointed  palpus.  Fig.  8,  Setc  whidi 
lie  in  the  fleshy  lip  of  Ta&atiiM.  a,  Labrum.  b  b,  Mandibles,  ce,  Maxflle.  d. 
Tongue.  C  C,  Two-jointed  maxillary  palpi.  Fig.  3,  Proboscis  of  Tabamu  seen 
from  above ;  the  letters  as  before.  Fig.  4,  The  same  from  beneath,  d  <f ,  The  halves 
of  the  knobs  of  the  labium.  C  C,  Palpi  of  the  maxillse.  Fig.  5,  Labmm  from 
beneath  (Savigny).  Fig.  6,  Mandible  (ib,).  Fig.  7,  Maxilla  (ib,),  c.  Maxilla. 
€,  Two-jointed  palpus.  Fig.  8,  Head  of  Cimex  mfipe$  seen  from  beneath. 
A  A,  Eyes.  B  B,  First  joints  of  antennse.  a,  Labrum.  b  &,  Fourjotated 
sheath  of  the  proboscis  produced  by  the  growing  together  of  the  labial  palpi. 
Fig.  9,  Clypeus  of  the  same,  with  the  rostral  seta  extended,  a,  Labram. 
c,  Mandible  still  united,  d  d.  Maxilla}  (Savigny).  Fig.  10,  Head  of  Cimer 
rufipetf  in  which  the  upper  integument  is  removed.  A  A,  The  eyes. 
e  c.  The  mandibles,  with  the  muscle  which  affixes  each  to  the  occiput 
d  d^  Maxillse  attached  by  muscles  to  the  tongue.  0,  Tongue.  Fig.  1 1,  Head 
of  Nepa  cinerea  seen  from  above.  A  A,  Eyes,  a,  Labrum.  b  6,  Sheath  of 
the  proboscis  or  labium.  Fig.  12,  The  three-jointed  sheath  of  the  proboscis 
seen  from  beneath.  Fig.  13,  Proboscis  of  Nepa  cinerea  separated  (Savigny). 
6,  Proboscideal  sheath,  c  c.  Mandibles,  d  d,  Maxillse.  e.  Tongue,  at  the 
base  of  which  is  the  entrance  to  the  ccsophagus.  Fig.  14,  Labrum  of  Nrpa 
cinerea  seen  from  beneath  (Savigny).    ff,  Clypeus  from  within.    A,  Reflexed 
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margin  of  the  labrum.  j\  luteriml  passage  for  the  reception  of  tLe  maxUlary 
sets.    Y\g,  15)  Head  and  oral  organs  of  iVoc^tia  libainx  (Savigny).   AA,  Eyes. 

a,  Labrum.  b  6,  Mandibles,  c.  The  mazilln  partially  united  and  forming 
the  proboscis,  d  d.  Maxillary  palpi,  e  e,  Articulating  cavities  for  the  labial 
palpi  in  the  reflexed  labium.  Fig.  16,  Labrum  of  the  same  moth  separate  (i6.). 
Fig.  17,  Both  of  the  mandibles  of  the  same  moth  {it,).  Fig.  16,  Labium 
of  the  same  moth  (ib,).  c,  Labium,  d  <2,  Labial  palpi  divested  of  their  hair 
and  wales. 

PI.  VL  Fig.  1,  Maxilla  of  the  same  moth  (ib.).    a,  The  filiform  portion. 

b,  The  palpus.  1,  The  cardo.  2,  The  stipes.  3>  The  squama.  4,  The 
mando.  F^«  d,  Section  of  the  proboscis  (ib.),  a  a,  Ridges  which  close  the 
central  canal  of  the  proboscis  above,  o,  llie  central  canal,  p  p.  The  canals 
in  each  half  of  the  proboscu.  F^g.  3,  Head  of  GaUeria  eereana  (ib.).  A,  Eye. 
B,  Antenna,  if,  Labial  palpus,  e.  Projecting  probosds.  Fig.  4,  Parts  of 
the  mouth  of  the  same  moth.  /,  The  proboscis,  consisting  of  two  halves. 
ff  ^,  Palpi  of  the  proboscis,  d  d^  Labial  palpi,  e,  The  labium.  Fig.  5,  Head 
of  a  neuter  ApU  meUifiea  seen  from  beneath,  a^  Mentum.  A,  Fulcrum. 
by  Tongue  (a  pierced  sucking  tube),  g  g,  Paraglosss.  e  c.  Four-jointed  labial 
palpi  attached  to  the  tongue  close  to  the  fulcrum,  d  d^  Pergamentaceous 
maxillc.  A  A,  One-jointed  maxillary  palpi.  //,  Mandibles,  rin.  Homy 
ridges  in  the  articulating  membrane  of  the  parts  of  the  mouth,  m.  Occipital 
aperture.  Fig.  6,  Mouth  of  the  same  insect  similarly  marked.  0,  The  valve  of 
the  oesophagus,  the  second  tongue  according  to  Treviranus.  1, 2, 3, 4, 5,  The 
several  homy  bones  which  lie  in  the  articulating  membrane.  Fig.  7,  Lower 
portion  of  the  proboscis  (tongue).  A,  With  the  paraglossie  a  a,  (Brandt). 
Fig.  6,  Anterior  view  of  the  head  olApit  mellifica,  A  A,  Eyes.  B,  Steminata. 
C  €,  Aniennie.  D,  Clypeus.  £,  Labrum.  ff,  Mandibles,  d  d^  Maxillae. 
c  tf ,  Labial  palpi.  6,  Proboscis  or  tongue.  Fig.  9,  Head  of  Pkrggarua  grandU 
seen  in  iront  A  A,  Eyes,  a  a,  Mandibles,  b,  Labram.  c  c,  Maxillss. 
d  dt  MaxiUaiy  palpi,  e  e.  Labial  palpi,  f.  Spoon-shaped  Labium.  Fig.  10, 
Labium  seen  from  above,  c  c,  Maxills.  e  e.  Maxillary  palpi,  d.  The 
channel  of  the  under  lip  which  leads  to  the  orifice,  g,  of  the  cBsophagus. 
Fig.  30,  Labium  from  beneath,  ff.  Labial  palpi,  e  e.  Basal  joints  of  the 
maxillary  palpi,    g,  Fulcram. 

PI.  VIL  Fig.  1,  Setiform  antenna  of  Locusta.  Fig.  2,  Ditto  ditto  of  Cicada. 
Fig.  3,  Bodkin-shaped  ditto  of  LepHt,  Fig.  4,  Filiform  ditto  of  Carabus. 
Fig.  dy  Moniliform  ditto  of  Tenebrio.  Fig.  6,  Sword-shaped  ditto  of  Truxalit. 
Fig.  7»  Sidde-shaped  ditto  (Kirby  and  Spence).  Fig.  8,  Dentate  ditto  of  Sic- 
neckarm*  Fig.  9,  Senate  ditto  of  E later.  Fig.  10,  Imbricate  ditto  of  Priontu 
coriariuSfmaJ^.  Fig.  11,  Pectinated  ditto  of  Ctenocertu.  Fig.  12,  Doubly- 
pectinaied  ditto  of  Ctenophom  (Meigcn).     Fig.  13,  Curled  antenna  (Kirby 
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and  Spence).  Fig.  14,  Fan-shaped  ditto  of  Ptj^^maioemtt  (Pecty).  Fig.  16 
Ramoie  ditto  of  Clattitu  d^ormu.  Ftg.  16,  Furcate  ditto  of  Sehixocanu. 
Fig^.  17,  Oeniculated  ditto  of  ApU  mell^m.  a,  Scipitt.  b^  FlageUnnu 
Fig.  18,  Clavate  ditto  of  Silpka.  Fig.  19,  Capitate  ditto  of  Neerophorut. 
Fig.  90,  Ditto  of  Hydrophii^  Fig.  21,  Lamellate  ditto  of  MUklmUm 
fMilo^  male. 

PI.  Vlir.  Fig.  1,  Tunicate  autenna  of  Lethrut.  Fig.  2,  Inflated  antenna  off 
PoMMsus  (Stunn).  Fig.  3,  Fissate  antenna  of  Lucamu.  Fig.  4,  Uncinate  ditto 
of  Odynenuj  male.  Fig.  6,  Nodose  antenna  of  a  (Jurcutio  (Kiibj  and  Spence}. 
Fig.  6,  Angustatedittoof i4i»/ifff(Meig).  Fig. 7,  Setigeiooadittoof £myiit.(ft&.> 
Fig.  8,  Plumose  ditto  of  Volnedla  (t6.).  Fig.  9,  Both  of  Ceria  e&nopmidet  seated 
on  a  pioceas  of  the  frons  (i6.).  Fig.  10,  Antenna  of  Chrytolaamm  (s6.> 
Fig.  1 1-13»  Ditto  of  BmHbyUut  (ib.)  Fig.  14,  Of  Lof^uuU  {ib.).  Fig.  15, 
OtR/u^hium  {ib.).  Fig.  16.  Of  Sybiitroma  (t6.>  Fig.  17,,  Of  6^01^1  (»&.). 
Fig.  18,  Mneronate  ditto  of  Empit  {ib.).  Fig.  19  and  20,  Auviculale  ditto  of 
Pamus  and  Gynmu.  Fig.  21,  Ramose  ditto  of  Nepm,  Fig.  22,  Imgolar 
ditto  of  Orocome.  Fig.  23,  Ditto  of  P^choda  (Meig.).  Fig.  24,  A  portion 
of  the  antenna  of  Gaskvpaeha  trifolU.  b,  A  portion  of  the  hianch  to  exhibit 
the  fine  immose  hairs  which  form  the  fringe,  the  one  strongly,  the  other  slightly 
magnified.  Fig.  25,  Fasoicnlate  antenna  of  CoUiekroma  a^inmm.  Fig.  25, 
Antenna  of  a  small  Brazilian  St^erda,  Rg.  27  and  28,  Feathery  antennsK  of 
Ceratopo^on  and  Tanypu$  (Meig.).  Fig.  29,  Portion  of  an  antenna  with 
kidney<«haped  joints  of  NephratomA  (ib.).  Fig.  30,  Irregular  clavate  entewia 
of  Agaan  paradoxmm  (Dalman). 

PI.  IX.  N.  B.  In  Plates  IX.— Xf  V.,  which  explain  the  composition  of  the 
thorax  in  the  different  order?,  for  the  sake  of  distinction  the  prothoiax  is 
coloured  ml,  the  mesoihorax  bltu^  the  metathorax  yeilowt  and  the  ooxsd  ^rem. 
In  all  the  figures,  A  indicates  the  pionotum,  B  the  prostemum,  b  the  omium, 
C  the  mesonotum,  D  the  scapula  of  anterior  wing,  D*  of  posterior  wing, 
fi  the  mesoslemum,  F  the  metanotum,  G  the  metastemnm,  U  the  parapleara, 
1  the  pleura,  K  the  ooxc  (generally  of  the  posterior  legs).  All  the  figures  are 
original,  and  from  drawings  by  the  author. 

[No.  1]  exhibits  parts  of  the  thorax  of  Carabui  glabratia.  Fig.  I,  Prothoiax 
Ifom  above.  Fig.  2,  Ditto  from  beneath.  Fig.  3,  Prostenium  from  the  inner 
surface,  to  exhibit  the  situation  of  the  two  weak  internal  processes.  Fig.  4, 
The  omium.  6,  The  external  surface,  b*,  The  reflexed  maipn  which  is 
attached  to  the  inner  surface  of  the  pronotum.  Fig.  5,  Lateral  view  of  the 
prostemum.  c  c.  Its  two  internal  scale-shaped  processes,  between  which  the 
nervous  cord  lies.  Fig.  6,  Meso-  and  Metathorax  seen  from  above.  R  R,  The 
rudimentary  wings,    b,  The  bamc  from  beneath.    S  S»  The  first  abdominal 
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wgment.  S*  S*,  The  second  ditto.  K  K,  Cox»  of  tbe  posterior  legs 
T  T,  Trocbanters.  Fig.  7,  Anterior  view  of  the  mesosternum  to  exhibit  the 
two  processes/,  which  form  the  fork,  and  between  which  the  nerrous  cord  lies 
Fig.  8,  Anterior  wings  of  the  scapula  seen  Aom  the  surface.  &,  The  nflejied 
maigin  which  lies  against  the  posterior  wings.  Fig.  9,  Posterior  ^ngs  of  tbe 
scapula  seen  from  the  surface,  b*,  The  reflezed  margin  which  lies  against 
the  margin  of  the  anterior  wing,  and  forms  the  suture  in  which  both  meet 
together. 

[No.  2,]  Parts  of  the  skeleton  of  Dyikm,  Fig.  1,  View  of  the  intensl  portion 
of  the  head  after  the  remoral  of  the  upper  integument  a  a.  The  two  ridges 
which  proceed  from  the  throat  and  enclose  the  cerebellum  between  them. 

c.  The  tentorinm  or  the  tiansrerse  baud  of  connexion  between  the  two  ridges. 

d,  A  second  deepe^ee8ted  band,  consisting  of  two  halrcs^  upon  which,  the 
anterior  portion  d  the  cerebellum  rests,  e  e.  Two  hooked  processes,  wfaioh 
proceed  from  the  superior  margin  of  the  bands,  and  eneompaw  the  CBSOphagos 
in  front  of  the  cerebrum.  They  senre  for  the  insertion  of  small  muaoles  which 
retain  the  (esophagus.  //,  A  homy  ridge  which  runs  beneath  the  frons  from 
one  side  of  the  head  to  the  other,  and  to  which  the  labmm  is  attached.  ^  The 
labium,  or,  rather,  its  superior  fleshy  part,  the  tongue.  A,  A  homy  semicircular 
bone,  to  which  the  tongue  is  attached;  it  lies  free  in  the  flesh,  and  does  not 
come  in  contact  with  the  integument  of  the  head,  b  6,  The  orbits.  Fig.  2, 
The  prothorax  seen  iiom  beneath,  b  6,  The  omia.  Fig.  3,  The  prostemum 
from  behind,  a  o,  The  jugularia  which  lie  in  the  membrane  of  the  neck,  and 
upon  which  the  head  revolres.  b  b.  Internal  processes  of  the  prostemum  which 
encompass  the  nervous  cord.  Fig.  4,  The  omium  seen  from  the  surface. 
bs  The  extemal  snr&ce.  6*,  The  reflexed  margin  which  lies  against  the 
surface  of  the  pronotnm.  Fig.  5,  Prostemum  from  the  side.  6,  The  internal 
processes.  Fig.  0,  Coxs,  trochanters  and  femur  of  the  intermediate  leg,  to 
show  the  free  articulating  process,  a,  Audouin*s  trochantinus.  Fig.  7,  Meso- 
and  metathorax  from  above.  Fig.  8,  The  same  from  beneath.  Fig.  9,  Meso- 
stemum  separated  from  the  parapleura,  with  its  internal  processes.  This  gives 
the  most  perfect  representation  of  the  vertebra  of  an  insect  £  is  the  body  of 
the  vertebra  whence  the  arohes  proceed  which  encompass  the  nervous  cord. 
bb^re  the  transverse  processes,  a  forms  tbe  processus  spinosus,  consisting 
of  two  halves.  At  the  superior  transverse  process  of  the  body  the  soapuhe 
articulate;  they  correspond  to  the  articulating  surfaces  of  tbe  ribs  in  the 
vertebne.  Fig.  10,  Anterior  wiog  of  the  scapula  (D).  Fig.  11,  Posterior  wing 
of  the  scapula  (D*).  b.  The  reflexed  margin  which  forms  the  suture  wiih 
that  of  the  anterbr  wing.  Fig.  12,  The  connate  coxae  seen  from  the  front  to 
exhibit  the  process  springing  from  them.  It  ascends  in  a  forwardly  inclined 
direction  from  the  suturo  of  both  coxs,  and  then  divides  iuto  four  processes, 
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the  two  pofiteriur  of  which  again  furcate.    6  b.  The  anterior  procest>ts.    a  a,  The 
posterior  with  their  furcate  branches  **• 

[No.  3,]  Portions  of  the  skeleton  of  Buprestis  tnarmna.  Fig.  1,  Protfaorax 
from  beneath.  A  A,  Reflexed  margin  of  the  pionotam.  B,  Piostemum. 
h  h.  The  small  round  plates  which  correspond  to  the  anterior  wings  of  the 
iicapttls  in  Carabus  and  Dyiicut.  Fig.  2,  The  same  ficom  the  front.  «  a.  The 
jugularia  which  lies  in  the  membrane  of  the  neck.  Fig.  3,  Prosteroum  from 
the  side.  The  internal  processes  are  small,  and  stand  forwards,  p.  The  same 
from  within,  a  a,  these  processes.  Fig.  4,  Upper  view  of  the  meso-  and 
metathoiBx.  Fig.  5,  The  same  from  beneath.  Fig.  6--6,  Mesostemum  and 
scapulae  in  their  natural  situatiou.  6,  Mesostexnum  (£  £).  Fig.  7,  Anterior 
wings  of  the  scapulsB  (D  D).  Fig.  10,  Metathoiax  from  within  to  exhibit  the 
quadridentate  process,  b  b,  The  anterior  teeth,  a  a.  The  posterior.  Fig.  11» 
The  same  from  the  side.  Fig.  12,  Meso-  and  metathorax  oiHister  cadavermaM 
seen  from  beneath.  S,  First  abdominal  segment  Hg.  13,  The  same  izoiD 
above. 

PI.  X.  [No.  1 J  Fig.  1,  Pftrts  of  the  skeleton  of  Geoinqtes  noficomw.  Fig.  1, 
Plponotum  from  beneath,  the  proetemum  is  removed,  a  a,  The  reflexed  margin. 
Fig.  2y  Ptostemam  from  beneath.  Fig.  3,  The  same  ftom  the  side,  a.  The 
internal  prooeases.  Hg.  4,  Meso-  and  metathorax  from  above.  Fig.  5,  Meso- 
stemum  with  the  scapulas.  £,  Mesostemnm.  D  D,  AU  anterior  scapiilas. 
D*  D*,  £juBd.  ala  posterior.  Fig.  6,  Meso-  and  metathorax  from  below. 
Meso-  and  metaatemum  are  here  connate.  Fig.  7,  Mesostemom  from  within. 
aaa^  The  three  points  of  the  processus  intemus.  Fig.  8,  The  internal  proceea 
from  the  side,  a  a  a.  The  three  points.  [No.  2j  Skeleton  of  Ceifimia  oMnUa. 
Fig.  1,  Meso-  and  metathorax  from  above.  Fig.  2,  The  same  from  beneath. 
Fig.  3,  Pjrostemum  and  scapulae  seen  from  the  front.  Fig.  4,  The  oonnale 
stemom  from  within,  a  a,  Pnic.  intern,  mesostemi.  b,  Proc  intern,  metast^ 
each  consisting  of  two  divaricating  lamellae,  between  which  the  nervous  cord 
lies.  [No.  3,]  Skeleton  of  HydropkUw  piceus.  Fig.  1 ,  Pronotum  from  beneath. 
Fig.  2,  Prostemnm  ditto.  Fig.  3,  Mesonotum  from  above  (the  letter  G  is  here 
wrong).  Fig.  4,  Metanotum  from  above.  Fig.  5,  Sternum  iiom  without. 
Fig.  6,  The  same  from  within,  a,  The  internal  processes  of  the  mesostemum 
which  ascend  to  the  scapulas,  b  i.  Wings  of  the  processus  intemus  naetaftterm. 
Fig.  7,  The  same  from  the  side,  a  a,  The  pro.  int.  mesost.  ascending  as  fax  as 
the  scaptilae.  b  6,  Both  wings  of  the  processus  intemus  metast.  d^  This  prooefs 
itself.  0,  A  thin  homy  lamella  which  lies  beneath  the  proo.  g^  An  externally 
visible  aperture  which  indicates  the  point  of  division  between  the  two  parts  of 
Uie  connate  sternum.  Fig.  8,  Parapleurse  from  the  inner  surface^  with  the 
tendon  of  the  large  extensor  of  the  wing,     a.  The  plale-shaped  distension. 
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h,  Tlie  centra]  petiole  which  is  affixed  to  the  anterior  main  nervure  of  the 
wing. 

Fl.  XI.  [Na  1,]  Skeleton  of  Gfyllotaipa  wlgarii.  Fig.  1,  Pronotum  from 
ahoi^e.  Fig.  2,  Prothoraz  from  beneath,  a  a,  The  two  stigmata  which  lie  in 
the  membrane  behind  the  prothorax.  &,  Aperture  of  the  neck,  being  the 
entrance  to  the  prothorax.  c,  Posterior  aperture,  d  d,  Carities  for  the  oox». 
Fig.  3,  Internal  skeleton  of  the  prothorax.  A»  Pronotum.  B,  Prostemum. 
C,  Descending  keel  of  the  pronotum,  which  difides  into  two  furcating 
lamellie,  the  anterior  and  posterior  points  of  which  are  at  £  E  and  F  F.  With 
the  anterior  ones,  the  T.«haped  anterior  distension  of  the  sternum  articulates, 
andwith  the  posterior  ones,  which  again  unite,  the  posterior  apex  articulates  at  *. 
Besides  which,  two  processes,  D  D,  spring  from  the  sides  of  the  pronotum,  which 
meet  at  the  anterior  angles  of  the  central  carina  near  £  E.  A  process,  G,  springs 
on  each  side  backwards  from  the  posterior  angles  of  the  central  carina,  both  of 
which  are  retained  b  j  a  bone  upon  which  the  crop  rests,  and  which  is  connected 
bj  muscles  at  *  *  with  them.  Fig.  4,  Meso-  and  metathorax  from  above. 
Fig.  5,  Mesostemum  from  the  side,  lying  free  intemallj  upon  the  external 
plate  E,  the  point  bending  backwards.  Fig.  6,  The  same  from  beneath  with 
the  backwards  directed  processes,  the  points  aie  cut  off.  Fig.  7,  The  mesonotum 
seen  from  the  front  to  exhibit  the  prophragma,  in  which,  at  a,  the  aperture 
to  the  aorta  is  found.  Fig.  6,  Lateral  view  of  the  mesc^  and  metathorax. 
0y  Stigma  upon  the  limits  of  the  meso-  and  metathorax.  [No.  2,]  Skeleton  of 
GiylhiM  migratoriut*  Fig.  1,'Head  from  beneath,  with  the  aperture  of  the 
mouth  distended  anteriorly  to  exhibit  the  radiating  tentorium  (c  e  e), 
a  Oj  Basal  joints  of  the  antennae,  b  b,  The  eyes.  Fig.  2,  Prothomx  from  front, 
natural  size,  a  a,  The  homy  aroh  springing  from  the  sides,  which  bow  over  the 
acetabuls  of  the  coxs.  Fig.  3,  Meso-  and  metathorax  firom  above,  with  dis- 
tended but  cut-off  wings,  e  r,  Prophragma.  Fig.  4,  The  same  from  the  side. 
«  a.  Rudiments  of  the  base  of  the  wings,  e,  Prophragma.  fij  Second  spiracle  of 
the  thorax.  Fig.  6,  The  same  from  beneath.  Fig.  6,  Mesothorax  alone  seen 
from  behind.  C,  Mesonotum.  DD,  Scapulae.  E,  Mesostemum.  a  a.  Remains 
of  the  wing,  e,  Mesophragma  with  the  aperture  p  for  the  aorta,  d  d.  Internal 
ridges,  which  indicate  the  suture  of  the  wings  of  the  scapuls.  e  e.  Homy  aroh 
spanned  over  the  acetabular  [No.  3,].SkeletQa  of  LibelkJa.  Fig.  1,  Entire  thorax 
from  above,  with  the  remains  of  the  wings.  Fig.  2,  The  same  from  the  side, 
e.  The  free  prophragma.  /3,  Second  thoracic  spirade.  Fig.  3,  The  same 
from  beneath.  Fig.  4,  Prehensile  organ  upon  the  second  and  third  ventral 
segments  of  the  male  Libellula.  a  a.  Two  moveable  hooks  which  encompass 
the  points  *  *  of  the  processes  b  b.  e  e,  Processes  of  the  second  division  of 
the  prahensile  organ,  between  which  the  hook  d  lies,  e.  Third  division  of 
that  organ.  Fig.  5,  The  same  from  the  side.  Fig.  6,  Third  division  of  the 
prehensile  organ,  consbting  of  a  large  swollen  knob,  a,  which  at  d  is  excavated. 
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and  at  the  anterior  ridge  of  wbich  the  hook  b  hangs  by  two  joints.  Hg.  7, 
Central  diTisionof  the  prehensfle  organ,  a  a.  The  processes,  b.  The  hook 
between  thein  raised.  Fig.  8,  nisi  division  of  the  same  organ,  consisting  of 
the  anterior  pieces,  a  a,  which  articulate  tXdd  with  the  posterior  ones,'  b  b, 
and  the  hooks  e  c.  Fig.  9,  Apes  of  the  abdomen  of  a  male  LibeUtUa. 
Fig.  8, 9, 10,  The  same  ordinal  joints  of  the  abdomen,  a,  The  aperture  to  the 
sexual  organs. 

PI.  XII.  [No.  1,]  Skeleton  of  dmbex  variabilis.  Fig.  1,  Lateral  tiew  of  the 
thorax,  a,  Tegula  which  ootcis  the  fint  thoracic  spiracle,  d,  Fatagiam 
analogous  to  the  anterior  wing  of  the  scapula,  c,  Scutellum.  fi^  Second 
spiracle.  Fig.  2,  View  of  the  thorax  from  above,  yy,  Ceachri.  Fig.  3, 
Mesonotum  alone,  a,  Prophragma.  dd^  Patagia.  c,  Scutellum.  Fig.  4, 
Prostemum  seen  from  behind,  to  show  the  internal  processes  a  a.  b  bf  Ca>'ities 
of  the  coxs.  Fig.  5,  The  same  from  the  side.  Fig.  6,  Mesostemum  with  its 
lateral  ascending  wings,  a  a,  Internal  process  divided  into  two  points. 
b  fr.  Cavities  of  the  oox».  c,  Hook-shaped  process,  which  originates  from  the 
side  of  the  sternum,  and  serves  the  muscles  of  the  coxae  for  inserdon. 
[No.  2,}  Skeleton  of  SeoUaJUtrnfrom,  Fig.  1 ,  Thorax  from  above,  d  d,  Patagia. 
c,  Scutellum.  $  fi^  Second  spiracles.  Fig.  2,  The  same  from  the  side, 
a,  Vtm  spiracle,  (i.  Second. .  d^  Patagium.  c,  Scutelluni.  Fig.  3,  The 
same  from  beneath.  *  Aperture  through  which  the  tendon  passes  which  holds 
the  abdomen.  Fig.  4,  Metanotum  with  the  process  to  which  the  muscle  is 
attached,  which,  with  the  tendon  proceeding  from  it,  holds  the  abdomen. 
Fig.  5,  The  same  from  the  side.  Fig.  6,  Prostemum  from  behind. 
a  a,  Aoetabule  of  the  cox».  b  by  Internal  processes.  Fig.  7,  Cavity,  A,  in 
the  metathorax,  for  the  reception  of  the  apex  of  the  abdomen,  a.  Hole  through 
which  the  tendon  passes,  b  b.  Ball  joints.  Fig.  8,  Cavity  in  the  base  of  the 
abdomen,  which  inserts  itself  in  the  cavity  of  the  metathorax.  a  a,  Soi^ets. 
b  bt  Ball  joints,  c,  Prpcess  to  which  the  tendon  is  attached.  Fig.  9,  Fiisl 
segment  of  the  abdomen  seen  from  the  sidts.  a,  EVoeess  to  which  the  tendon 
is  affixed.  6,  Socket  for  the  reception  of  tlie  ball  joint  of  the  metaphtagma. 
<•,  Ball  joint  which  is  inserted  in  the  socket  of  the  metaphragma. 

PI.  XIII.  [No.  1,]  Thorax  of  Methoea  ichnernnonidet^LtX.  Fig.  1, Thorax 
seen  from  above.  A,  Pronotum.  <^  Scutellum.  F,  Metanotum.  Fig.  2,  The 
same  from  the  side.  B,  Prostemum.  E,  Mesostemura..  G,  Metastemum.  /3,  Se- 
cond spiracle.  [No.  2,]  Thorax  of  Myrmosa  melanocrphala,  male.  Fig.  I, 
From  above.  Fig.  2,  From  the  side,  marked  as  above.  [No.  3,]  Superior  view 
of  the  thomx  of  Ckrym  ignita.  A,  Ptonotum.  C,  Mesonotum  divided  by 
two  furrows  into  three  fields,  c,  Scutellum.  d  d,  Patagia.  F,  Metanotum. 
[No. 4,]  Thorax  otCossus  ligniptrda.  Fig.  I,  View  from  above,  e,  Mesonotum. 
D«,  Patagium.    d  d,  Frenum.    c,  Scutellum.    F  F,  Metanotum.    K  K.  Coxae 
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of  the  posterior  legs.      Fig.  2,  Lateral  new.    A,  ScaleHBhaped  pionotum. 

B,  Prosternum.  a.  Cavity  in  which  the  first  spiracle  lies.  C,  Meaonotum. 
e,  Sctttelittm.  D*,  Patagium.  P,  Scapula.  £,  Mesottemam.  fij  Ca?ity 
of  the  second  spiracle.  F,  Metanotum.  6,  Metastemum.  K  R  K,  Cojud. 
[No.  5,]  Thorax  of  Cicada  Fraxim.  Fig.  1,  View  from  above.  A,  Proxwtum. 
C|  Mesonotum*  e,  Scutellum.  d  d^  Frenum.  F  F,  Metanotum.  Fig.  2t 
View  from  beneath.  B,  Prosteraum.  E,  Mesostemum.  6,  Metastemum. 
fi^  Scales  beneath  each  of  which  the  second  spiracle  of  the  thorax  lies. 
[No.  6,]  Thorax  of  Ly^tsm  eqvaim.  Fig.  1,  Pmthorax  from  above.  Fig.  2, 
The  same  from  beneath.       Yig.  3,   Meso-  and  metathorax  from  above. 

C,  Mesonotum.  c,  Scutellum.  ^g.  4»  Hie  same  from  beneath.  £»  Meso- 
stemum. ^  fif  Cavities  covered  by  scales,  beneath  which  the  spiracles  lie. 
6  69  Metastemum. 

PI.  XIV.  [No.  IJ  Thorax  of  Tabanut  bovimu.  Fig.  1,  View  from  above. 
d  df  Protrusions  which  take  the  place  of  the  patagia.  Fig.  2,  View  from  the 
side,  a.  First  spiracle,  iodicating  the  boundary  of  the  piothorax.  B,  Situation 
of  the  prostemum.  C,  Mesonotum.  c,  Scutellum.  d,  The  patagium. 
£,  Mesostemum.  R,  Base  of  the  wing.  S,  Scale.  F,  Metanotum. 
6,  Metastemum.  T,  Poiser.  ^  Second  spiracle.  H,  Metaphragma 
K  K  K,  Coxse.  [No.  2,]  Thorax  of  Myapa  tettacea.  Fig.  1 ,  View  from  above.' 
A  Ay  Protmsions  which  indicate  the  piothorax  ( humeri  of  entmnologists). 
C  C,  Mesonotum.  e,  Scutellum.  S  S»  Scales.  T  T,  Poisers.  F,  Metae 
notum.  Fig.  2,  Lateral  view.  A,  Humerus.  «,  flfst  spinude.  C,  Meso- 
notum. c,  Scutellum.  £,  Mesostemum.  S,  Scale.  F,  Metanotum. 
G,  Metastemum.  T,  Poisers.  ^,  Second  spiracle.  H,  Metaphragma* 
[No.  3 J  Thoiax  of  SemblU  incwdata.  Fig.  1,  Prothoiax  fiom  above*  Fig.  2, 
The  same  from  beneath.  B,  Prostemum.  a  a,  Place  of  the  first  spiracle* 
K  K,  Acetabulse.  Fig.A  Meso-  and  metathorax  from  above.  C,  Mesonotum. 
F,  Metanotum.  Fig.  4,  The  same  from  the  ude,  with  the  same  indications. 
Fig.  8y  Pincers  of  a  Forficula  (De  G.).  Fig.  9,  A  Smyntburvs  seen  from 
beneath  (De  6.).  a,  The  fork  which  produces  the  leap,  b.  Process  upon  the 
mesostemum  whence  the  filaments  proceed.  Fig.  10,  Apex  of  the  abdomen  of 
Staphylimu  erythroptenu,  aa^  The  hairy  styli.  Fig.  1 1,  Apex  of  the  abdomen 
of  Blaita  ofienUdii*  a  a,  The  circL  b  by  Two  other  processes  which  proceed 
from  the  ventral  plate,  c,  The  male  organs  withdrawn.  Fig.  12f  Apex  of 
the  abdomen  of  a  male  Ephemtra.  a,  The  penis,  b  6,  The  two  fiinga  which 
are  seated  on  the  ventral  plate,  c  c.  The  jointed  fila  proceeding  from  the 
dorsal  plate,  the  half  of  which  is  cut  ofL  Fig.  13,  Apex  of  the  abdomen  oi 
Maehilis  polypoda  (DomerO),  with  the  hairy  sets.  Fig.  14,  Apex  of  the 
abdomea  of  Aphii.    a  a,  The  siphunculi. 

PI.  XV,  N.  B.  The  two  arrows  at  the  base  of  the  wings  indicate  the  course 
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of  the  current  of  the  blood.  Fig.  1 ,  Wing  case  of  Nepa  cinerea,  a,  Clafus. 
6,  Hemielytruro.  c,  Appendix,  cf,  Membiana.  Fig.  2,  Wing  case  of 
Gryllus  migrmtoritu.  A,  Marginal  cell.  6,  Vena  radiidis.  B,  Central  cell, 
c,  Vena  cubitalb.  C,  Sutaral  cell.  Fig.  3,  Wing  of  DyHetu,  a.  Vena 
maiginalis  or  radialis.  6,  Vena  cubitalis  or  postcosta,  also  nerms  intemus. — 
The  marginal  space  is  in  this  and  in  all  the  foUovring  wingg  indicated  by  red, 
and  the  sutural  space  by  yellow.  The  fonner  is  bounded  by  the  rein  through 
which  the  current  of  blood  streamsy  and  that  of  the  latter  by  the  one  through 
which  it  returns.  Fig.  4^  Wing  of  9l  Tenthredo.  a,  Venaradialil  ^,  Vena 
cubitalis*  /S,  Stigma,  carpus,  d  d,  Celluls  radiales.  eee^  Cellulie  cubitales. 
Fig.  5,  Wing  of  a  bee.  a.  Marginal  vein.  6,  Discoidal  ?ein.  d.  Marginal 
cell,  ee^  Cubital  cells,  c  e,  Discoidal  cells,  ff/t  Incomplete  cells. 
Fig.  6,  Wing  of  a  Tipula.  Fig.  7,  Wing  of  a  Syrpktu.  Fig.  8,  Wing  of  a 
Tachina,  Fig.  9,  Wing  of  one  of  the  smaller  Muscida.  Fig.  10,  Wing  of  a 
Phora.  Fig.  11,  Wing  of  Hippobatea.  All  these  figures  are  marked  like  5. 
Fig.  12^  Anterior  wing  of  Platypterix,  ala  falcata.  Fig.  13,  Posterior  wing 
of  PapiUo  PodalvriuM^  ala  caudata.  Fig.  14,  Anterior  wing  of  Omeodet 
hexadactyla,  ala  digitata. 

PI.  XVI.  Fig.  1,  Anterior  leg  of  Caaralnu.  a,  Coxa.  &,  Trochanter 
c.  Femur,  d.  Tibia.  % ),  Calcaria.  e,  Tanus.  Fig.  2,  Anterior  I^  of 
Ateuehut  meer,  e.  The  terminal  qnne  supplying  the  place  of  a  tarsus. 
Fig.  3,  a,  Intermediate  leg  of  a  butterfly.  &,  Abortire  leg  of  the  same. 
Fig.  4,  Swimming  leg  of  Dyticut  ditpar.  Fig.  5,  Leaping  leg  of  Htdtiea, 
Fig.  6,  a,  Prehensile  leg  of  Mantii  rdigiom.  6,  Prehensile  leg  otNqw  cmerea. 
Fig.  7,  Digging  leg  of  GryUoUUpa  vulgarit.  The  tarsas  is  three  jointed. 
Fig.  6,  Fringed  femur  of  an  Andrena,  Fig.  9,  Supporting  trochanter  of 
Conbus.  Fig.  10,  Double-jointed  trochanter  of  a  Pin^la,  Fig.  11, 
Lamellate  tibia  of  a  Ly^teus.  Fig.  12,  Scutellate  tibia  of  Crahro  eribrtt^ 
rius,  a.  e,  The  five-jointed  tarsus.  Fig.  13,  Brush-like  tibia  of  Api$. 
e,  Planta.  Fig.  14,  The  sole  of  Carabus  fringed  with  spines.  Fig.  15, 
Cordate  tarsal  joint  of  Timareha  tenebricota.  Fig.  16,  Triangular  tarsal 
joint  of  Coprii  Itumrit,  Fig.  17,  (Quadrate  tarsal  joint  of  Btpmti* 
mariana.  Fig.  18,  Bilobate  tarsal  joint  of  CaUidium  vMaeeum.  Fig.  19, 
Furcate  tarsus  of  Xya.  a,  Spines  on  the  tibia,  e  «,  The  fuicate  tarsus,  con- 
sisting each  of  one  joint  Fig.  20,  Tarsus  with  three  distended  joints  of 
Ckindda  etin^fettru.  Fig.  21,  Tarsus  with  four  distended  joints  of  CaUmmm 
nfcophanta.  Fig.  22,  Tarsus  with  one  distended  joint  of  Hfdrophiku  pktm. 
Fig.  23,  Anterior  tanus  of  Dyiiaa  dUpar^  a,  ftom  above,  ^,  from  beneath. 
pp.  The  large  patelluls.  Fig.  24,  Claw  joint  of  Cs/vite,  equal  claws. 
Fig.  25,  Claw  joint  of  Anitopliafrueticola,  Fig.  26,  Claw  joint  with  very  large 
unequal  claws  of  Rutila.  Fig.  27,  6,  Furcate  claw  of  Mehe  divided  near  the 
surfoce.     a,  Furcate  claw  of  Anitoplia  horticoia,  divided  near  the  ridge. 
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N.  B.  It  is  onlj  the  external  Itiger  claw  that  is  thus  divided,  and  not,  as  the 
drawing  indicates,  the  smaller  one  also.  Fig.  38,  Dentate  claw  of  Melolontha. 
Fig.  29,  Dentate  claw  of  OmUhmya.  Fig.  30,  Serrate  claw  of  Citida. 
Fig.  31,  Claw  joint  of  Lwsamu  cenmt.  a  a,  The  large  claws.  &,  The  pseado 
claw.  Hg.  32,  Claw  joint  of  Taehinafora.  a  a,  The  serrate  claws,  h  b.  The 
plantuls.  Fig.  33,  Claw  joint  of  Laphnafiawi.  a  a,  The  daws,  b  &,  The 
plantnls^.  e,  The  pseado  daw.  Fig.  34,  Tarsus  of  Xenos^  without  daws,  but 
with  soft  plantulae.  Fig.  35,  Hairy  plantula  of  LamUu  Fig.  36,  Plumose 
pUntula  of  Zabrut,  Fig.  37,  Spongy  plantnla  of  Timarcha  tenebricosa. 
Fig.  38,  Tarsus  cryptopentamerus  of  Ceramhyx  hero$.  1,  First  tarsal  joint 
(metatarsus) ;  2,  second  tarsal  joint  (phalanx  prima) ;  3,  third  bilobata  tarsal 
joint  (phalanx  secunda) ;  4,  abortive  fourth  tarsal  joint  (aithrium} ;  6,  claw 
joint.  Fig.  39,  Tarsus  cryptoteLnunerus  of  Coeeuiella,  1,  First  tarsal  joint ; 
2,  second  deqplj  excavated  foot  joint;  3»  arthrium ;  4,  daw  joint 

PI.  Xyil.  Fig.  1,  Internal  strocturdess  folded  tunic  of  the  ilium  of 
Hydrophiha  piceut.  Fig.  2,  Second  tunio  of  the  ilium  of  the  same  beetle 
beset  with  ridges,  teeth,  and  stars.  Fig.  3,  Third  or  muscular  tunic,  with  the 
ventral  glands,  which  lie  in  a  transparent  case,  of  the  same.  Fig.  4,  Third  or 
muscular  tunic  of  Dytieu$  margmalit.  Fig.  5,  Second  tunic  of  the  crop  of 
the  same  beset  with  homy  ridges  that  form  regular  meshes.  Fig.  6,  Transverse 
section  of  the  membrane  of  the  crop  of  the  same,  a.  Internal  layer  beset  with 
ridges.  6,  Muscular  tunic.  Fig.  7,  Tunic  of  the  oesophagus  of  the  same 
with  undulating  homy  ridges.  Fig.  8,  Pkoventriculus  of  the  same.  It  is 
excavated  in  the  (brm  of  a  tunnel,  and  suj^lied  with  four  teeth,  which  are 
broad  above  and  narrow  bdow.  3,  Intestinal  canal  of  the  larva  of  Vetpa  crabro 
(Suckow).  A,  (Esophagus.  D,  Ventriculus.  H,  CsBcum*  K  K,  Biliary 
vessels.  Fig.  10,  Intestinal  canal  of  'Vetpa  erahro  (t6.).  A,  GBsophagus. 
C,  Csop.  D,  Transversely  striated  ventriculus.  £,  Ilium  with  four  longi- 
tudinal stripes.    H,  Colon  with  homy  rings. 

PI.  XVIII.  Fig.  1,  Intestinal  canal  of  Aphropkora  tpumaria  (t^.). 
A,  GBsophagus.  D,  Crop.  D  *,  First  division  of  the  ventriculus.  D  D  *  *, 
Second  division,  which  returns  to  the  crop.  £,  Ilium.  H.  Colon.  K  K,  Biliary 
vessels.  Pig.  2,  Intestinal  canal  of  the  maggot  of  Jftuca  eamaria  (i6.),  marked 
the  same  as  above.  N  N  are  the  salivary  vessels  with  their  simple  outlets,  O. 
Fig.  3,  a,  A  portion  of  the  biliary  vessd  much  magnified.  Fig.  3,  Intestinal 
canal  of  the  perfect  fly  (ti.).  Fig.  4,  Intestine  of  the  caterpillar  of  Gattropacho 
PifU  (Suckow),  marked  similarly.  F  is  the  davate  gut  O  O  are  the  spinning 
vesseb.  Fig.  5,  Intestinal  canal  of  PonHa  Brauica  (Herold).  C,  The  sucking 
stomach.    6,  The  coecum.    The  rest  as  before. 

PI.  XIX.    Fig.  1,   Intestinal  canal  of  the  larva  of  Cahtoma  sycophanta 
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(original),  marked  as  before.  H  is  the  internally  longitudinally  folded  colon 
to  which  the  last  segment  of  the  larra  is  still  attached.  Fig.  2,  Intestinal 
canal  of  the  perfect  beetle  (Suckow).  D  is  the  rentriculas,  the  anterior  half 
of  which  is  covered  with  the  pancreas,  and  the  posterior  portion,  D*,  with 
glands.  Fig.  3,  Intestinal  canal  of  the  lanra  of  Dytieus  mofyinalit  (orig.), 
marked  the  same.  Fig.  4,  That  of  the  perfect  beetle,  as  before,  the  Fentriculns 
anteriorly  covered  with  the  pancreas. 

PI.  XX.  Fig.  I,  Intestinal  canal  of  Cetonia  aurata  (Ramd.).  D,  Tlie 
pancreas  covers  the  ventriculus  with  three  coronets.  F,  The  clavate  gut. 
Fig.  2,  Ditto  of  the  perfect  insect  (t6.),  as  before.  Fig.  3,  Ditto  of  Cimex 
rufipeM  (Trevir.).  a  a  and  ^  ^  are  the  sets  of  the  proboscis  whence  the  vessels 
y  y  originate  which  open  into  the  commencement  of  the  ventriculus.  h  fr.  The 
salivary  vessels  and  glands.  D,  The  first  stomach  with  the  two>folded  bodies 
{}  ))  at  its  orifice  (this  supplies  the  place  of  a  crop).  D  *,  The  second  stofbaeh 
(supplying  the  place  of  a  proventriculus).  D**,  The  third  stomach,  formiBg*, 
as  it  were,  a  second  crop  in  front  of  the  true  ventriculus.  D***,  The  ventri- 
culus, consisting  of  four  contiguous  tubes.    The  rest  as  before. 

PI.  XXI.   Fig.  1,  Intestinal  canal  of  GryUm  migratorius.    Lateral  view. 
a  a,  Four  of  the  six  blind  tubular  appendages  at  the  orifice  of  the  stomach 
(pancreas),     n,  Nervus  sympathicus.       Fig.  2,  The  same  opened.     B,  The 
crop  with  the  rows  of  teeth.     **,  Spot  where  the  blind  appendages  opeo. 
D,  Ventriculus.     ****,  Spot  where  the  biliary  vessels  open ;  the  rest  the 
same  as  before.      Fig.  3,  a  6,  Two  rows  of  teeth  which  are  found  within  the 
crop  much  magnified.     Fig.  4,  Raised  longitudinal  ridges  beset  with  teedi 
within  the  lower  portion  of  the  crop.    Fig.  5,  The  processes,  b  5,  of  the  internal 
tunic  of  the  stomach,  a  a,  which  thrust  into  the  blind  appendages  and  their 
cavities,  and  open  at  C  C  into  the  intestine.    Fig.  6,  The  portion  of  the  intestine 
where  the  blind  appendages  open,  a  a,  their  apertures ;  these  cut  off,  to  show 
their  internal  volume,   c  c,  V-formed  homy  teeth,  which  form  the  pro  ventriculus 
Fig.  7,  GSsophagus  and  crop  of  GrifUotalpa  vulgarit  (J.  MuUer).    A,  (Eso- 
phagns.     B,  Crop.     C,  Continuation  of  cBSophagus.     D,  Proventrieulof. 
E  E,  Blind  bags  which  open  into  the  oommeneemeot  of  the  ventiioolos. 
G,  Ventriculus.     a.  Cerebrum,     b  6,  Nervous  cords  which  form  tlie  first 
ganglion,    c,    of   the    sympathic   system,      d  d.    The    sympathic   nerves. 
«,  Branch  of  it  for  the  crop.    /,  Second  or  connecting  ganglion.     ^,  Brandi 
for  the  proventriculus.      Fig.  8,  Transverse  section  of  the  proventricnhis  of 
TermetfatalU.    a  a.  Projecting  horny  plates,    bbb.  Six  fasdcnli  of  muscles 
which  close  it    Fig.  9,  Lateral  view,   a.  Space  before  the  proventriculus,  cn/p. 
bt  The  proventriculus  seen  through  the  contracted  orifice  of  the  ventriculus. 
d,  Ventriculus.    Fig.  10,  Opened  proventriculus  of  Termesfatalis*  a  a,  Twehe 
homy  plates,  which  are  alternately  supplied  with  strong  fasciculi  of  muscles. 
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b  6,  which  iioite  to  form  the  sphincter  of  the  itomach.  Fig.  1 1,  Orifice  of  the 
stomach  of  Lamia  tedilU.  a  a,  Four  teeth,  which  have  two  fine  homy  ridges. 
b  by  Ridges  of  the  crop,  c,  Ventriculus.  Fig.  12,  Salivaxy  vessels  oiLocusta 
tiridfMma,  a,  Tongue  from  beneath,  h  6,  Outlets  of  the  glands,  e  c,  Glands. 
Fig.  13^  Mandibles  and  salivary  vessels  of  the  caterpillar  of  Gatlropacha  Pini 
(Sockow).  o,  Mandible,  b,  Gland,  aperture  of  the  salivary  vessel,  c.  Muscle 
of  the  mandible,  d  dy  Salivary  vessel.  Fig.  14,  Urinary  organ  of  DyticM 
nutrffinalU,  a  a,  Secreting  vessel,  kidney.  &,  Urinaiy  bladder,  c.  Evacuating 
duct  Fig.  15,  Salivary  vessels  of  Reduvius  penotuUm  (Ramd.)-  a^  (Eso- 
phagus, bj  Duct  of  the  salivaiy  glands,  e  c,  Longitudinal  glandular  bodies. 
Fig.  16,  Salivary  vessel  of  Pulex  (Ramd.),  vesicular  glands.  6,  Excretory 
duct. 

PI.  XXI J.  Fig.  1,  Single  salivary  vessel  of  Nepa  cinerea  (Ramd.).  o,  Duct, 
fr,  Glands,  c,  Glandular  vessel.  Fig.  2,  Second  salivary  vessel  of  ditto 
(f  &.).  Q  b,  Double  duct  of  the  auxiliary  gland.  <2,  Auxiliary  gland,  e  e,  Chief 
gland.  Fig.  3,  Salivary  vessel  of  Blaps  (Leon  Duf.).  Fig.  4,  Ditto  of 
Tabanui  (Ramd.)  Fig.  5,  Ditto  of  Cicada  (Leon  Duf.).  Fig.  6,  Ventral 
salivary  glands  ofLeptis  (Ramd.).  a  a,  The  two  glandular  bags,  b,  (Eso- 
phagus, c.  Outlet  of  the  sucking  stomach.  (2,  Commencement  of  the  ventri- 
culus. Fig.  7,  Ventral  salivary  glands  of  Bombyliut  (t^.),  the  same.  Fig.  8, 
Ditto  of  Chrytotoxum  (Ramd.),  the  same.  Fig.  8*,  Lateral  view  of  the  heart 
of  MeloloiUha  vulgaris  (Straus-D'urck.).  a  a,  Orifices  of  the  heart,  12. 
jT,  Ventriculi.  B,  End  of  the  heart.  C,  Aorta.  Fig.  9,  Commencement  of 
the  heart,  with  the  muscular  wings  (t6.).  a  a.  Muscular  wings,  b  6,  Orifices 
in  them,  in  front  of  each  aperture  of  the  heart.  Fig.  10,  Spiracle  of  the 
abdomen  of  Dyticus  marginaUs,  Fig.  1 1 ,  Portion  of  a  trachea,  a  a,  External 
tunic.  66,  Spiral  filament  which  forms  the  second  tunic,  cc^  Third,  or 
mucous  tunic.  Fig.  12,  A  portion  of  the  tunic  of  the  air-bag  of  Mu$ca 
vomiiaria^  very  much  magnified. 

PI.  XXIII.  Fig.  1,  Spiracle  of  Orycte$  naticomiSf  seen  firom  the  front,  a  a. 
The  projecting  margin,  b  6,  Homy  plates,  which  form  its  lips,  c.  Aperture. 
Fig.  2,  The  same,  removed  from  the  contiguous  parts,  and  seen  from  the  side. 
a.  Projecting  maigiu.  b  6,  The  separated  integument  in  the  vicinity  of  the 
spiracle,  c  c.  Posterior  projecting  margin  of  the  spiracle,  d  d^  The  two  horny 
triangles,  which  lie  on  one  side  of  the  main  stem  of  the  trachea,  which  join 
at  *,  and  are  moved  by  the  broad  muscle,  e.  fff.  Branches  of  the  trachea;. 
Fig.  3,  The  same,  firom  beneath,  aa^  External  projecting  margin,  b  6,  Sepa- 
rated integument  c.  Spot  where  the  apex  of  the  lower  triangle  articulates  with 
the  margin  of  the  spiracle  that  projects  inwardly,  d,  The  lower  homy  triangle. 
///«  Stems  of  the  trachess.  Fig.  4,  Spiracle  of  the  larva  of  Cetonia  aurata, 
a  a,  The  extemal  dazkly-coloured  margin,  which  is  decorated  with  paler  ellip- 
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tical  spots,  b  bj  The  central  paler  homy  plate,  c,  The  raised  margin  of  the 
true  aperture,  d  d,  Branches  of  tiaches.  figs.  5 — 1 1 ,  Ovipositor  of  Sirex 
juvenetu.  Fig.  5,  Last  abdominal  segment,  with  the  ovipoator,  A.  B  B, 
Lateral  margins  of  the  last  largest  segment.  Fig.  6,  Apex  of  the  abdomen, 
from  the  side .  The  ovipositor,  b,  projects  from  the  two  valves,  a.  Fig.  7,  Apex 
of  the  ovipositor,  seen  from  above,  c.  The  divided  dentate  apex  of  the  sheath. 
d  dj  The  two  dentate  sets  within  the  sheath.  Fig.  8,  The  ovipositor,  firom  the 
side,  c.  The  upper  channel,  d,  The  single  lower  seta.  Fig.  9,  From  beneath, 
c  c.  Sheath,  d  dy  Setae.  Fig.  10,  One  seta,  to  exhibit  the  shape  of  the  teeth 
upon  it.  Fig.  11,  Transverse  section  of  the  OTipositor.  a  a.  The  external 
valves,  c,  The  sheath,  li  (£,  The  sets.  e,Central  free  channel.  Figs.  12 — 14, 
Ovipositor  of  Pimpla,  Fig.  12,  Apex  of  the  oigan,  covered  with  short  teeth. 
a,  The  upper  channel.  6,  The  fine  seta.  Fig.  13,  Section  of  the  mere  ovi- 
positor, a,  Channel.  6,  Seta,  c,  Canal.  Fig.  14,  Section  of  the  ovi- 
positor, with  the  valves,  a,  Channel.  6,  Seta,  c  c.  Valves,  e.  Canal.  Figs. 
15 — 18,  Ovipositor  of  Cynipa  qitercifolia.  Fig.  15,  Last  bent  s^^ment,  with 
the  two  hairy  processes  originating  from  the  internal  surface.  Fig.  16, 
The  ovipositor,  a  a,  Valves,  b  b,  External  channel  of  the  sebe.  c,  Central 
finer  seta.  Fig.  17,  The  external,  b  6,  and  the  central  seta,  c,  akme. 
Fig.  18,  Section,    a  a.  Valves,    b  6,  External  sets,    e,  Central  one. 

PI.  XXIV.  Figs.  1—7,  Ovipositor  of  Cicada  Fraxini.  Fig.  1,  Apex  of 
abdomen.  A,  Last  dorsal  segment.  D^  Last  ventral  segment.  B,  Basal 
joint  of  the  sheath  of  the  ovipositor.  C,  Terminal  joint  Fig.  2,  Oviposiior 
with  the  valves  from  beneath.  B  B,  Basal  joints  of  the  valves.  C  C^  Terminal 
joints.  D,  The  ovipositor.  Fig.  3,  Apex  of  the  ovipositor  £rom  beneath. 
a  a,  Superior  distended  sheath,  with  teeth  on  the  margin,  b  6,  The  lower  seta 
pushed  upwards,  so  that  they  project  beyond  the  apex  of  the  sheath.  Fig.  4, 
Setas  from  the  inner  side,  to  show  the  central  channel.  Fig.  5,  Apex  of  the 
sheath  from  above,  toothed  on  the  margin,  furrowed  in  the  centre,  emaiginate 
at  the  apex  to  receive  the  points  of  the  sets,  which  form  the  true  apex  of  the 
ovipositor.  Fig.  6,  Section,  a  a,  The  valves,  b  &,  The  sheath,  c,  The  sets. 
Fig.  7,  Section  of  the  mere  ovipositor,  a  a.  Sheath.  6,  Seta.  Figs.  8, 9, 
Ovipositor  of  Cimbex  variabilU,  fig.  8,  The  valves  opened  firom  beneath. 
A  A,  The  last  dorsal  segment  aa.  External  valves,  b  b.  Internal  valves,  or 
saws,  c.  Central  short  process.  Fig.  9,  An  internal  valve,  or  saw,  from  its 
external  surface.  6,  Furrow,  by  means  of  which  the  external  surftu^  is  divided 
into  two  halves,  a,  Lower  more  finely  serrated,  b,  Superior  more  coarsely 
serrated  surface.  Figs.  10 — 15,  Ovipositor  of  Locusta,  Fig.  10,  Apex  of  the 
abdomen  of  Loauta  viridissima.  A,  Last  dorsal  segment  B,  Last  ventral 
segment.  C,  Ovipositor.  Fig.  II,  One  half  of  the  sheath  seen  from  the 
exterior  of  Locu$ta  epkippiger.  Fig.  12,  The  same  from  the  inner  surface. 
A,  Superior  half  of  the  valve,    c.  Lower  half,    b.  Central,  smaller,  inner  valve 
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of  the  same  side.  Fig.  13,  External  view  of  the  apparatus  of  Locusta  vnidis' 
sima.  a,  Upper  half,  e,  Lower  half.  Fig.  14,  The  same  from  within,  a, 
Upper  half,  r,  Lower  half.  6,  Internal  valve,  indicated  here  only  as  a  project- 
ing ridge,  Fig.  15,  the  jointed  ovipositor  of  Chryii  (Rirby  and  Spence). 

PI.  XXV.  Figs.  1—4,  Male  organs  of  Carabus  glahrattu.  Fig.  1,  Prepuce 
from  above,  as  taken  from  the  ventral  cavity,  a,  The  homy  ridges  which  dis- 
tend the  bag  of  the  prepuce.  6,  The  process  of  the  prepuce,  in  which  the  penis 
lies,  c,  Apex  of  this  process,  into  which  the  vasa  deferentia  extends.  <f ,  Last 
dorsal  segment.  Fig.  2,  The  same  from  beneath,  a  a,  The  homy  ridges  of 
the  prepuce.  5,  The  homy  plate  which  lies  in  the  lower  portion  of  the  prepuce. 
e^  Process  in  which  the  penis  lies,  d^  Last  dorsal  segment  Fig.  3,  Penis  from 
above,  with  a,  lateral  moveable  process,  6,  in  which  muscles  are  inserted. 
Fig.  4,  The  same  from  beneath,  a,  Aperture  of  the  penis,  whence  the  sperm 
flows.  Figs.  5—10,  Male  organs  of  Dyticm  marginalU.  Fig.  5,  View  of  them 
beneath,  with  the  last  divided  ventral  plate.  A  A,  The  two  halves  of  the  ventral 
plate.  BB,  Muscles  whereby  they  are  affixed  to  the  preceding  one.  C  C, 
Homy  ridges,  which  partly  serve  these  for  insertion.  D  D,  Muscles  which 
unite  the  transverse  ridge  with  the  ventral  plates,  a,  A  homy  ring  lying 
beneath  in  the  prepuce,  gg.  Muscles  that  move  the  penis.  /,  Vasa  deferentia. 
Fig.  6,  Penis  and  prepuce  separated  from  the  last  ventral  platCi  seen  from 
beneath,  a,  A  horny  ring  that  distends  the  prepuce,  b.  Homy  plate  which 
lies  in  it.  t,  Membranous  portion  of  the  prepuce,  d.  Sheath  of  the  penis. 
«,  Penis,  g  y,  Muscles  which  move  the  penis.  /,  Vasa  deferentia.  Fig.  7. 
The  same  from  above,  a  a.  Homy  ring  of  the  prepuce,  mnning  at  the  margin, 
and  connected  with  the  penis  by  muscles,  h  h,  t,  Membranous  portion  of  the 
prepuce.  A,  Homy  plate  lying  in  the  upper  part  of  the  prepuce.  /,  Horny 
scale  to  which  the  ends  of  the  homy  arch  of  the  prepuce  are  attached,  e.  Penis. 
g  g^  Muscles  which  move  the  penis,  /,  Vasa  deferentia.  Fig.  8,  The  same 
seen  from  the  left  side,  a.  Homy  ring  of  the  prepuce.  &,  Homy  scale  lying 
in  the  lower  portion.  The  rest  as  in  the  preceding.  Fig.  9,  The  penis,  after 
the  removal  of  the  prepuce,  a  a.  Membranous  portion  of  the  prepuce,  which  is 
drawn  back  by  homy  ridges,  ft,  which  are  connected  with  the  homy  ring  of  the 
prepuce  c  c,  by  means  of  muscles,  at  its  upper  margin,  dd^  Valves  of  the 
penis,  e,  Penis.  Fig.  10^  Penis,  quite  free,  a,  Ridge  which  lies  in  the 
penis,  and  closes  its  aperture,  ft,  Lower  channel,  in  wMch  the  ridge  or  bone 
lies.  Figs,  tl — 14,  Male  organs  of  ^y<fropAi7t/s  piceii^.  Fig.  11,  Prepuce 
from  above.  M,  The  removed  colon,  d  d.  Last  dorsal  segment,  with  three 
fenestrations,  ft  ft.  Homy  ring  which  distends  the  prepuce.  E  E,  Sheaths  of  the 
penis.  F,  Penis.  /,  Vasa  deferentia,  surrounded  by  the  membranous  portion 
of  the  prepuce.  Fig.  12,  The  same,  from  beneath,  a.  Homy  plates,  which 
lie  in  the  lower  portion  of  the  prepuce,  whence  the  ridges  proceed  which  affix 
themselves  to  the  apex  of  the  last  ventral  plate,  ee.     cc,  Other  homy  ridges, 
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which  proceed  from  the  homy  arch.  &  6,  As  fig.  11 .  ddj  Last  donal  segment. 
E^E,  Sheath  of  the  penis.  F,  The  penis.  Fig.  13,  The  free  penis,  fnm  abore, 
more  magnified  than  fig.  12.  A  A,  Reflexed  margins  of  the  homy  plate. 
A,  As  in  ^g.  14.  B^  Membranous  portion  of  the  penis.  E  E,  Sheaths  of  the 
penis,  consisting  of  horn.  F.  Penis,  provided  in  the  middle  and  on  the  margin 
with  homy  ridges.  Fig.  14,  Free  penis,  fiom  beneath.  A,  A  cordiform  homy 
plate,  to  which  the  sheaths  are  attached.  £  E^  The  sheaths  of  the  penis. 
F,  Penis,  with  the  aperture  X,  which  Is  snrnmnded  by  a  homy  arch,  whence  a 
ridge  proceeds. 

PL  XXVI.  Tigs.  1,  2,  Sexual  organs  of  Callickroma  moichaiiniL  Fig.  1,  A, 
Prepuce,  supported  by  a  homy  ridge,  C,  which  distends  into  a  homy  plate,  B, 
upon  the  upper  surface  of  the  prepuce.  D,  Penis.  £,  Vasa  deferentia.  F, 
Ridge,  by  means  of  which  the  penis  is  pushed  forwards.  6,  Last  Tentnl 
segment  Fig.  2,  Free  penis,  seen  from  the  left  side.  «,  Lower  homy  tip  of 
the  penis,  h,  Upper  ditto,  c,  Vasa  deferentia.  Figs.  3—7,  Male  organs  of 
Blatta  orienialis.  Fig.  3,  View  from  above,  a,  Superior  homy  plate  covering 
them.  6,  Left,  c.  Right,  li,  Penis.  Fig.  4,  The  same  from  beneath.  e,R^t 
homy  plate.  &,  Left,  a,  Upper,  d^  Penis.  Fig.  5,  The  superior  ooreriog 
plate,  consisting  of  several  homy  pieces,  and  provided  with  a  hooked  process. 
Fig.  6,  The  right  covering  plate,  composed  of  two  pieces,  a  and  6.  Fig.  7, 
The  left  covering  homy  plate^  with  the  penis,  a  a.  Ridges,  which  enclose  the 
penis  between  them,  fr,  The  upwards  bent  penis,  furnished  at  the  end  with  a 
hook.  Figs.  8—10,  Male  organs  of  Citnhex  variahilis.  fig.  8,  From  below. 
a  a,  The  extemal  sheaths,  each  consisting  of  a  lower  (a)  homy  and  a  snpeiwr 
(a*)  membranous  portion,  b  &,  The  penis,  likewise  consisting  of  two  valves. 
Fig.  9,  The  left  half  of  the  sexual  apparatus,  seen  from  without,  a.  Horny 
basal  portion  of  the  sheath.  6,  Membranous  appendage,  e  e.  Halves  of  the 
valvular  penis.  Fig.  10,  The  same  from  within,  marked  similarly,  dy  Outlet 
of  the  vasa  deferentia.  Figs.  11 — 13,  Male  organs  of  Vetjm  Gentumca, 
Fig.  11,  Seen  from  beneath,  a  a,  Extemal  sheaths,  b  6,  Intemal  sheaths  of 
the  penis,  c.  Penis,  X,  Aperture  for  the  rasa  deferentia.  Fig.  12,  Penis, 
from  the  side,  distended  like  a  spoon,  anteriorly,  c,  with  a  barb,  a,  by  which 
it  hangs  attached  during  copula.  Fig.  13,  The  same,  from  above,  marked 
similarly.  6,  Internal  passage  of  the  penis.  Figs.  14 — 17,  Male  organs  of 
Deilephila  Galii,  Fig.  14,  Lateral  view  of  the  whole  apex  of  the  abdomen* 
a  a.  Homy  ring  to  which  the  extemal  sheath  is  affixed,  b.  External  sheath 
of  the  left  side,  with  the  hooked  appendage  (b*).  c.  Penis,  d,  Homy  process, 
into  which  the  colon  passes,  e.  Anus.  Fig.  15,  Sheath  of  the  right  aide 
seen  from  within.  Fig.  16,  Free  penis,  a,  with  the  apertnre  c,  and  the 
muscles  b  &,  which  attach  it  Fig.  17,  Anterior  aperture  of  the  penis,  seen  from 
above.-^Figs.  18,  19,  Male  organs  of  Cercapu  vulnenUOj  111.  Pig.  18,  Hie 
sexual  apparatus,  enclosed  in  valves,  seen  from  the  left  side.        F^.  19,  The 
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Opened  sexual  appentos,  seen  fiom  above.  The  exteroal  valves  are  removed. 
a  a,  The  internal  valves,  b  6,  The  homy  penis,  consisting  of  two  parts,  bent 
outwards. 

Fl.  XXVII.  Fig.  1,  Ovaria  of  Ephemera  marginaia.  Fig.  S,  Of  Phama 
gigoM  (Muller).  Fig.  3,  Ditto  of  GryUm  migratoriut.  Fig.  4,  Ditto  of  Meloe 
protcarabeut.  Fig.  0,  Ditto  of  GryUotalpa  wigarU  (i6.)'  ^^Z'  0>  I^itto  of 
Lepitma  (Trev.).  Fig.  7,  hitemal  sexual  organs  of  Hippobosca  (L.  Duf.). 
a  a.  Ovaries,  b.  Uterus,  e  c,  Conducting  vessels.  Fig.  8,  Ovary  of  ArUhi- 
dium  (Suckow).  Fig.  9,  Ditto  of  Tinea  EvonymeUa  {ib,).  Fig.  10,  Ditto  of 
Mtuca  camaria  (f5.).  Fig.  11,  Ditto  of  Aphrophora  ipumaria{ib.)>  Fig.  12^ 
Ditto  of  Lmcomu  panUlelopipedut  {ib.).  Fig.  13,  Uterus  without  appendage 
of  Tipula  crocata  (t6.).  Fig.  14,  Ditto,  with,  an  appendage  ofAnthidiwn  mont- 
cahan,  a.  The  spermatheca  (f6.).  Fig.  15.  The  same  of  HydraphUut  piceu$ 
{ib,),  a,  The  spermatheca,  into  which  the  serpentine  gum-vessel  evacuates. 
Fig.  16,  The  same  of  the  Melolontha  vuigarie  (t6.).  a,  Spermatheca.  6,  gum- 
vesseL  The  pockets  are  at  the  end  of  the  sheath,  into  which  the  knob  of  the 
penis  inserts  itself.  Fig.  17,  The  same  oiXylocopa  (ib»).  a,  Spermatheca. 
b,  Gum-vessel.  Fig.  18,  The  same  of  Sirex  (ib.),  a,  Spermatheca,  with  the 
two  ears.  5,  Gum*  vessel.  Fig.  19,  The  same  of /TaiTNi/tK  n^comw.  a, 
Sack-shaped  distended  sheath,    b.  Gum-vessel. 

PI.  XXVIII.  Fig.  1,  Uterus  of  Lucanut  (Suckow).  a,  Spermatheca.  d  d^ 
Double  gum-vessel.  Fig.  2,  Ditto  of  GryUotalpa  tmlgarii  {ib,),  a,  Sperma- 
theca. b  bf  Gum-vessels,  fig.  3,  Ditto  of  Lepitma  (Trev.).  b  6, 6um-bags. 
Fig.  4,  Duct  of  the  internal  genitalia,  with  its  appendages,  of  Goiiropacha  Pini 
(Suckow).  a,  Spermatheca,  with  its  narrow  duct  b  6,  Glue-vessel,  forked 
above,  beneath  distended  into  a  bladder,  c  c,  Second  secreting  vessel,  probably 
a  urinary  organ,  corresponding  to  the  poison  vessel  of  the  Hymenoptera,  a. 
Colon  and  ooscum.  fig.  5,  Poison-vessels  of  Veqni  erabro  (i6.).  a  a,  Secret- 
ing vessels.  6,  Poison-bladder.  Fig.  6,  The  same  of  Apis  mellifica  (S  wamm.). 
a  a.  Secreting  vessels.    6,  Poison-bladder. 

PI.  XXIX.  Fig.  1,  United  testes,  with  the  two  outlets,  of  Pantia  JSrassieeB 
(Herold).  Fig.  2 ,  Testes  of  Libellula  (Suckow).  Fig.  3,  Ditto  of  Aphrophora 
epumaria  (i^).  Fig.  4,  Ditto  of  Tipuia  crocata  {ib,).  Fig.  5,  Ditto  of  Ranatra 
Snearis  (ib,).  Fig.  6,  Half  of  the  poison  vessel  of  Apit  melUfiea,  Fig.  7, 
Testes  of  DyHeui  marginalit.  a,  Large  knob.  6,  Small  knob  of  the  duct, 
fig-  7,  b.  Testes  of  SUpha  obtcura  (L.  Duf.).  Fig.  8,  Ditto  of  Hydrf^  ttkupioeus 
(Suck.).  Fig.  9,  Ditto  of  Trichodes  (ib.).  Fig.  10,  Ditto  of  Locusta  wridit- 
nma.  Fig.  11,  Ditto  of  Staphylinut  (L.  Duf.).  fig.  12,  Ditto  and  duct  of 
Afusca  demene  (Suckow).  Fig.  13,  Ditto  of  iSem^/u  bicaudata  {ib.).  Fig.  14, 
Ditto  of  Apate  (L.  Duf.).     Fig.  15,  Ditto  of  (Edemera  {ib.).     Fig.  16,  Ditto 
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of  Pimelia  (ib.).  Fig.  17,  Ditto  and  dact  of  Lyita  itmaUetia  (Brandt), 
a.  Testes,  b.  First  gam-Tessel.  bb.  Second  ditto,  a*,  Bagwdnped  distenskm 
at  the  connecting  point  of  the  duct.  Fig.  18,  Testes  of  Lmnia  ttdUU.  Fig.  19, 
Ditto  of  Prionw  (L.  Duf.),     Fig.  20,  Ditto  of  Ctcoia  (ib.y 

PI.  XXX.  Fig.  1,  Testes  of  Nepa  cinerea  (Swamm.).  Ftg. 2,  Ditto  of  Meio- 
hatha  mUgmia  (Suckow).  Fig.  3y  Auxiliary  testes  of  Hydroph,  pieeuM  (>&.). 
Fig.  4,  Ditto  of  Loeutia  viridimma.  a,  Superior  fasciculus  of  TesMb.  A, 
Retainer,  clothed  on  the  surface  with  small  processes,  into  which  the  dnet,  c, 
opens,  df  Sperm  bladder.  Fig.  5,  Ducts  of  the  genitalia  oiDonaeim  mquaHta 
(Suckow),  without  appendages.  Fig.  6,  Ditto  of  Phry^amea  olemcm.  a,  Vasa 
deferentia.  &,  Vesica  seminalis.  Fig.  7,  The  same  of  Dytkus  maryimMiUj 
marked  the  same.  Fig.  8y  The  same  of  ApU  meii,  (Brandt),  a^u*.  Vesica 
seminalis.  b  6,  ClaYate  gum-vessels.  Fig.  0,  The  same  of  MehUmika  9mU 
garis  (Suckow).  a  a.  Ducts  of  the  vesica  seminalis.  b  6,  Gum-vessels,  with 
their  distension.  Fig.  10,  The  same  of  Hydrophilus  pieeui  {ib,).  a«,  Vasa 
deferentia.  a*  a*,  Vesica  seminalis.  a  a,  Ends  of  the  auxiliary  testes. 
b*  6*,  The  first  furcate  gum-vessel.  b  6,  The  second  simple  ones.  Fig.  1 1 ,  The 
same  of  Lamia  cedilii,  a  a.  Vesica  seminalis-.  6,  Furcate  gum-vessel,  with 
unequal  branches.  Fig.  12,  Organs  of  VanetM  UrUcof,  male  (Swamm.). 
a.  United  testes,  a*  a*  Vasa  deferentia^  into  which  the  gum-vessels,  b  h, 
open.  Fig.  13,  Gum-vessel  of  Caloioma  sycopkanta  (Suckow).  a,  Vasa 
deferentia  of  one  side,  which  opens  into  the  gum-vessel  (jb  b)  of  the  ade,  that 
of  the  other  side  and  the  ductus  ejaculatorius  is  cut  off.  Fig.  14,  Ducts  of 
the  genitalia  of  Tipuia  croeata  (Suckow).  a  a,  Vasa  deferentia.  &,  G«m- 
vessels. 

PI.  XXXI.  Fig.  1 ,  A  portion  of  the  hard  membrane  of  the  brsin  of  Dytuus 
fnaryinalut  Fig.  2,  Biain  of  the  caterpillar  of  Cotnu  liytUperda  (Lyonet). 
A,  Cerebrum.  B,  Cerebellum,  a  a.  Nerves  of  the  eyes,  b  b.  Of  the  antemui. 
c.  Cord  round  the  c&sophaguF,  proceeding  from  the  cerebrum,  d  d.  Cord  con- 
necting the  cerebrum  and  cerebellum,  ee.  Nerves  of  the  mandibles,  the 
branches  of  the  second  nerve  of  the  lip  (sy)^  whence  a  branch  for  a  muscle,  N, 
originates.  //,  Nerves  of  the  maxille.  yy.  Second  connecting  nerve  of  the 
labium,  of  whioh  the  nerve  of  the  mandible  is  a  braneh.  y*y*i  ^^^*^  nerves 
of  the  labium,  which  give  off  a  bmnch,  M^  to.  the  muscles  of  the  nnsdlle. 
O  O,  Nerves  of  the  muscles  of  the  mandibles  and  antennie.  P  P,  Nerves  of  the 
musoles  of  the  mandibles.  R  R,  Nerves  that  distribute  themselves  at  the 
posterior  portion  of  the  skull.  S  S,  Nerves  of  the  musoles  of  the  neck,  which 
pass  into  the  thorax.  V  V,  Connecting  cords  of  the  cerebellum  and  first 
thoracic  ganglion.  D,  The  frontal  ganglion,  formed  of  the  two  branches,  E  E, 
whence  the  sympathic  nerve,  F,  originates.  Fig.  3,  Cerebrum  of  the  same 
caterpillar  (ifr.).     ££,  Branches  to  the  (xuntol  ganglion.    O,  Nerve  of  d^e 
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muscles  of  tlie  mandibles,    b  6,  Nerves  of  the  sntenott.     a  a,  Nenres  of  the 
eves,     ce,  Cord  of  the  CBsophagas.     PP,  Nerves  of  muscles.    A  A,  Small 
ganglion  of  the  sympathic  nerve.     B  B,  Branches  to  ditto.     F,  Nervus  sym- 
pathicus  (which  Lyonet  did  not  discover  here).        Hg.  4,  Brain  ci Melo- 
lofUha  tulgarit  (Sinius),     A,  Cerebrum.     B»  Cerebellum,     a  a.  Optic  nerves. 
bbf  Nerves  of  the  antenna,     dd^  first  ganglion  of  the  sympathic  system. 
G  G,  Second  ganglion.    D,  Frontal  ganglion,    e  e.  Nerves  of  the  mandibles. 
fff  Nerves  of  the  mazille.        Fig.  5,  CerebeUum  alone  (t&.).    e  e,  Nerves  of 
mandibleSi   ffy  Ditto  of  maxills.    k  k^  Connecting  cord  with  the  cerebrum. 
h  A,  Connecting  cotds  to  the  first  thoracic  ganglia.       Fig.  6,  Cerebrum  of 
Oryllui  migratorkuf  with  the  sympathic  system  seen  from  above.     A  A,  Optic 
nerves.    BB,  Nerves  of  the  antennae,    a,  Frontal  ganglion.    6,  First  ganglion, 
IB  which  the  odd  (uopar.)  nerve  terminates,    c  c,  The  large  ganglia,    ee,  llie 
small  ditto,  whence  the  sympathic  nerve  originates  by  two  branches,  which 
again  unite  at  d*  and  d*,    e  e,  Small  ganglia  upon  the  oesophagns.   //,  First 
ganglion  upon  the  crop,     gg^  Second,  which  lies  at  the  end  of  the  crop. 
h  hj  Nerves  which  pass  between  the  blind  appendages.       Fig.  7,  Brain  of 
Grylbu  migratoriust  seen  from  the  front     A  A^  Optic  nerves,     a  a,  Nerves 
which  pass  to  the  firontal  ganglion,     b  b.  Nerves  of  the  antenna,     a*  a*  a^, 
Nerves  to  the  ocelli,    ddj  Connecting  cords  between  the  cerebrum  and  cere- 
bellum.    <2*,  The  connecting  cord  of  these.    B,  Cerebellum,    ee,  Nerves  of 
the  mandibles,  ff,  Nerves  of  the  maxilla. 

PL  XXXII.  Fig.  1,  Brain  of  the  larva  of  CaUuoma  tycophania.  A,  Cere- 
brum, a  a.  Optic  nerves,  fr  fr,  Nerves  of  the  antenna,  dd^  Branches  to  the 
frontal  ganglion.  D,  Frontal  ganglion.  F,  First  ganglion  of  the  sympathic 
system,  the  posterior  one  I  have  not  discovered.  B,  Cerebellum,  t  e.  Nerves 
of  the  mandibles.  //,  Nerves  of  the  maxilla,  ^y,  Nerves  of  the  labium. 
Fig.  1,  B,  Commencement  of  the  ganglionic  ventral  cord  of  the  same  lar>'a. 
A,  Cerebellum,  k  A,  Auxiliaiy  connecting  cord,  with  the  first  thoracic  ganglion, 
n  n,  Auxiliary  ganglia.  A  A,  Nerves  of  the  anterior  legs.  L,  First  thoracic 
ganglion.  1 1,  Auxiliary  connecting  cords  of  the  first  and  second  ganglia, 
forming  small  ganglia,  mm.  A  A,  Auxiliary  connecting  cords  between  the 
second  and  third  ganglia.  M,  Second  thoracic  ganglion.  N,  Third.  O,  Fourth . 
pp,  99,  rr,«  f,  Nerves  of  muscles.  BB,  Nerves  of  the  intermediate  legs. 
C  C,  Nerves  of  the  posterior  legs.  Fig.  2,  The  ventral  cord  of  Dyticus  mar- 
ffhuUii.  A  A,  Nerves  of  the  anterior  legs.  B  B,  The  intermediate  ones. 
C  C,  The  posterior  ones.  Fig.  3,  Ventral  cord  of  the  larva  of  ErUtaUs 
tenam»  Fig.  4,  Vential  cord  of  the  fly  Erist,  tenax,  a  a,  Connecting  cords 
with  the  cerebellum.  A  A,  Nerves  of  the  anterior  legs.  B  B,  Of  the  inter- 
mediate. C  C,  Of  the  posterior,  b  &,  Branches  of  the  muscles  which  pass 
into  the  abdomen.  (2,  First  abdominal  ganglion,  c  c,  Branches  of  it  e,  Second 
abdominal  ganglion,     ff^kh^gg^  Branches  of  it  to  the  genitalia  and  other 
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internal  organs.  Fig.  5,  Ceiebium  of  Vewpa  Germamea.  a  a  a.  Nerves  to 
the  ocelli.  A  A,  Optic  nerves.  B  B,  Nerves  of  the  antennae,  cut  ofL  c, 
Branch  to  the  cerebellum.  Fig.  6,  Cerebrum  and  sympathic  system  of  the 
caterpillar  of  Liparit  Mori  (Brandt).  A  A,  N  erves  of  the  ejes.  B  B,  ^erves 
of  the  antennae.  C  C,  Hemispheres  of  the  cerebrum,  a  a  aa,  Nerves  which 
originate  from  the  frohtal  ganglion  and  its  branches,  b*  6*,  First  ganglion 
of  the  oesophagus,  b**  6**,  Second  ganglion  of  the  oesophagus,  f,  Nemis 
sympathicus.  dy  Its  first  ganglion,  e,  Its  second  ganglion.  Fig.  7,  The 
same  in  the  developed  moth,  similarly  marked.  Fig.  8,  The  same  of  Melot 
proicarabeus  (Brandt),  similarly  marked. 


THE   END. 
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